Assessing the composition and function of hardwood forest herbaceous flora: implications and applications for forest restoration by Gerken Golay, Michaeleen E.
Graduate Theses and Dissertations Iowa State University Capstones, Theses andDissertations
2013
Assessing the composition and function of
hardwood forest herbaceous flora: implications and
applications for forest restoration
Michaeleen E. Gerken Golay
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/etd
Part of the Ecology and Evolutionary Biology Commons, and the Forest Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Graduate Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Gerken Golay, Michaeleen E., "Assessing the composition and function of hardwood forest herbaceous flora: implications and
applications for forest restoration" (2013). Graduate Theses and Dissertations. 13031.
https://lib.dr.iastate.edu/etd/13031
 Assessing the composition and function of hardwood forest herbaceous flora: Implications 
and applications for forest restoration 
by 
Michaeleen E. Gerken Golay 
A dissertation submitted to the graduate faculty  
in partial fulfillment of the requirements for the degree of  
DOCTOR OF PHILOSOPHY 
 
 
Major: Forestry (Forest Biology – Wood Science) 
Program of Study Committee: 
Janette R. Thompson, Major Professor 
Cathy Mabry McMullen 
Randy Kolka 
Barb Licklider 
Dick Schultz 
Sarah Nusser 
 
 
 
 
 
 
Iowa State University 
Ames, Iowa  
2013 
Copyright © Michaeleen E. Gerken Golay, 2013.  All rights reserved. 
ii 
 
 
 
 
For my husband and my family- you are my strength and my joy 
and for Jan- my teacher, mentor, and guide 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iii 
 
TABLE OF CONTENTS 
ABSTRACT          v 
CHAPTER 1: GENERAL INTRODUCTION      
 Introduction         1 
 Study Questions        4 
 Dissertation Organization       6 
 References Cited        7 
 
CHAPTER 2: TESTING A FLORISTIC QUALITY ASSESSMENT OF  
FOREST HERBACEOUS COMMUNITY CONDITION UNDER  
VARIOUS LAND USES 
Abstract         11 
Introduction         12 
 Methods         18 
 Results          22 
 Discussion         24  
References Cited        28 
 Figures         34 
 Tables          36 
 
CHAPTER 3: AN INVESTIGATION OF WATER NUTRIENT LEVELS  
ASSOCIATED WITH FOREST VEGETATION IN HIGHLY ALTERED  
LANDSCAPES 
Abstract         40 
Introduction         41 
 Materials and Methods       45 
 Results and Discussion       52 
 Summary and Conclusions       60 
References Cited        61 
 Figures         67 
 Tables          71 
 
CHAPTER 4: RESTORING NUTRIENT CAPTURE IN FOREST  
HERBACEOUS LAYERS OF THE MIDWEST (IOWA) 
 Manuscript         75 
 References Cited        80 
 Figure          82 
 Table          83 
 
CHAPTER 5: TARGETED RESTORATION OF HERBAECOUS  
WOODLAND PLANTS: PERSISTENCE, GROWTH, AND  
REPRODUCTIVE SUCCESS OF LOCAL AND NON-LOCAL  
PROPAGULES 
Abstract         84 
iv 
 
Introduction         85 
 Materials and Methods       88 
 Results         93 
Discussion         95 
References Cited        98 
 Tables                   101 
 
CHAPTER 6: COLLABORATIVE LEARNING ABOUT FOREST  
UNDERSTORY RESTORATION AND MANAGEMENT: IDENTIFYING  
GOALS AND SHARING KNOWLEDGE 
Abstract         106 
Introduction         107 
 Research Approach        111 
 Results         115 
Discussion         119 
Conclusions         122 
References Cited        124 
 Box 1. Collaborative workshop activities     128 
 Tables          131 
 Figure          139 
 
CHAPTER 7: GENERAL CONCLUSIONS 
 General Conclusions        140 
 References Cited        143 
 
ACKNOWLEDGEMENTS        145 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
v 
 
ABSTRACT 
The landscape of the Midwest has been heavily altered by human land use, and 
remaining natural areas are under pressure from expanding agricultural and urban lands that 
surround them.  Remnant natural areas, such as forests, may also be degraded by past or 
proximate land use, leading to loss of ecosystem services such as biodiversity and nutrient 
capture. Within hardwood forest ecosystems, the herbaceous layer is important for 
biodiversity and nutrient cycling, and is especially sensitive to disturbance.  Previous 
research indicated that herbaceous plant community composition may shift due to human 
impacts, resulting in loss of specialist perennials and greater prevalence of non-native and 
generalist species. It has also been documented that preserved herbaceous plant communities 
had greater biomass and nutrient capture than those subjected to intense human disturbance. 
Taken together, earlier work pointed toward the opportunity for an integrated approach to 
assessment, restoration, and outreach to understand and improve the functional role of 
herbaceous flora in forests that have been subjected to different land uses.  First, this work 
focused on identification and validation of a simple metric to describe floristic quality of 
forest herbaceous plant communities, the mean coefficient of conservatism (mean CC). 
Using plant life history characteristics (annual, biennial, fern, exotic, closed-canopy 
specialist, and moist-site specialist) and a robust data set from 126 plots in forests under five 
land uses (secondary, urban, grazed, managed for timber harvest, and preserved), an 
independent index of disturbance was developed and then used to validate mean CC.  The 
disturbance index confirmed mean CC as a valid measure to assess floristic quality that could 
be recommended to forest landowners and managers as a way to quickly and easily 
determine conservation priorities, monitor land use impacts and assess restoration efforts.  
vi 
 
Second, this research investigated the effect of herbaceous community composition on 
terrestrial nutrient capture and linkages to surface water quality.  Above- and below-ground 
herbaceous plant tissue, soil, and in-stream water samples were collected from forest areas 
(under urban, agricultural, and preserved land uses) and embedded streams, and measured to 
determine biomass and concentrations/quantities of nitrogen and phosphorus.   Herbaceous 
flora under urban and agricultural land uses had more generalist species, lower quantities of 
nutrients stored in plant biomass, and higher concentrations of nutrients present in stream 
water. To further elucidate the role of herbaceous biomass in nutrient capture, an additional 
study focused on four spring-growing species that produce large quantities of plant tissue.  
Nutrient captured in quadrats dominated by a single species exceeded nutrient capture from 
quadrats in compositionally diverse herbaceous layers for three of the four species examined.   
Planting trials of a set of functionally important species also demonstrated the likelihood of 
persistence and recruitment in restoration plantings.  Finally, collaborative learning 
workshops were conducted with forest land owners and forest managers to support the 
integration of understory restoration with other forest management goals.  Land owners and 
land managers discussed barriers to effective forest management, and indicated plans to 
engage in invasive species control, timber stand management, and/or restoration and planting 
efforts as a result of collaborative interactions.  Assessment of workshop activities and 
outcomes pointed to the importance of close integration of ecological and social system 
components to support restoration of ecosystem function at a landscape scale. 
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  CHAPTER 1: GENERAL INTRODUCTION 
Land use change has major impacts on biodiversity and ecosystem functions. In the 
U.S., agricultural intensification, urbanization, and exurban sprawl have led to ecosystem 
destruction, degradation, and biotic homogenization (Hooper et al. 2005, McKinney 2008).  
One consequence of ecosystem destruction, the loss of perennial vegetation, has also led to 
the disruption of nutrient cycles (e.g. Bernhardt et al. 2008).  This loss, coupled with 
increased fertilizer inputs for row-crop production and in developed areas, has led to streams 
and rivers polluted by excess nutrients (Carpenter et al. 1997).  Nutrients carried in these 
waters contribute directly to the growth of hypoxic zones (Carpenter et al. 1997, Mitsch et al. 
2001, Sprague et al. 2011).   Further, in urban and exurban areas, impervious surfaces and 
altered vegetation (i.e. lawns) move water quickly off-site during a rain event, leading to 
flashy discharge in streams, the reduction of ground water levels and baseflow in the system, 
and disrupted nutrient processing in situ (Groffman et al. 2003, Bernhardt et al. 2008). 
These general trends are magnified in the Midwest, particularly in Iowa, where the 
landscape has undergone dramatic change since Euro-American settlement.  Prairies, 
wetlands, and forests have largely been replaced by an intensively managed agricultural 
landscape (Bishop et al. 1998, Jungst et al. 1998) and more recently by expansion of urban 
areas (Bowman et al. 2012). In highly altered landscapes such as this, remaining natural areas 
are vital for preserving ecosystem function (e.g. Secchi et al. 2008).  Of these remnant 
natural areas, gallery forests surrounding rivers and streams are in an ideal location to 
intercept runoff before nutrients enter the waterways (Lowrance et al. 1984, Gomi et al. 
2002).  The important role of riparian forests in providing ecosystem services such as erosion 
control, water filtration, and nutrient sequestration, as well as providing refugia for a 
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diversity of native plants, insects, and vertebrates is increasingly recognized (Peterjohn and 
Correll 1984, Schultz et al. 2004, Schoonover et al. 2005, Knight et al. 2010, Studinski et al. 
2012).    
Forests in Iowa once covered about 2.7 million ha, or about 18%, of the land area 
(Jungst et al. 1998).  After a major initial decline in forest area due to harvesting and land 
conversion to a low near 5% of the state (Jungst et al 1998), subsequent reforestation efforts 
and secondary succession result in current estimates of approximately 10% forest land in the 
state (Gallant et al. 2011).   Iowa forests include oak-hickory forest communities on uplands, 
oak-maple-basswood communities on slopes, and silver maple-green ash-walnut 
communities on bottomlands (Van der Linden and Farrar 1984).  The native herbaceous layer 
of these hardwood forests was historically quite diverse, with a characteristic group of spring 
ephemerals (Eilers and Roosa 1994).   
The herbaceous layer of forests accounts for a large portion of their overall vascular 
plant diversity, and evidence suggests it is important for maintaining ecosystem functions 
(Gilliam and Roberts 2003).  Although herbaceous perennials may make up only a small 
fraction of the biomass of a forest, they may be very important to nutrient uptake (Gilliam 
2007).  In one of the first studies to demonstrate this, total vegetation removal in a watershed 
at the Hubbard Brook ecosystem in New Hampshire resulted in dramatic losses of nutrients 
from the system (limited capacity of the forests to retain nutrients) and increased nitrification 
(Bormann et al. 1968).  A diverse native forest herbaceous layer can play an important role in 
seasonal storage of nutrients (Blank et al. 1980, Peterson and Rolfe 1982, Mabry et al. 2008). 
Although it represents only a small portion (1%) of forest biomass, the herbaceous layer 
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accounts for 20% of foliar litter, and it is high-quality litter that is cycled quickly (Gilliam 
2007), and is thus an important part of seasonal nutrient cycles.   
Remnant forests that are part of this working landscape are often used to generate 
income from firewood harvest, timber harvest, and livestock grazing (Moser et al. 2009), 
activities which may affect floristic communities.  A study of community composition in 
Iowa forests that were selectively harvested showed that herbaceous flora was qualitatively 
similar to the herbaceous layer in preserved forests (Gerken 2005). Cattle grazing in forests 
can have negative impacts on both overstory and understory vegetation.  For understory plant 
communities in particular, cattle grazing can shift species composition towards exotic species 
and/or weedy native species (Mabry 2002, Brown and Boutin 2009), and may also alter site 
hydrology and degrade water quality by decreasing infiltration, increasing runoff, and 
concentrating nutrients in streams (Belsky et al. 1999). 
Human impacts are evident in urban forest remnants as well. Declines of many native 
species and increases in introduced species (Hansen et al. 2005) cause shifts in plant 
community composition and increasing homogenization of biota in urban areas (McKinney 
2008, Walker et al. 2009).  Urbanization can have direct and indirect effects on remnant 
forests, leading to loss of native species richness over a period of many decades, and 
particularly for herbaceous species can lead to loss of forest-interior specialists and rare 
species (Robinson et al. 1994, Drayton and Primack 1996).  Altered hydrology has been 
suggested as one causal mechanism leading to this change: formerly mesic forests affected 
by urbanization may have chronically lower soil moisture and thus can become harsh 
environments for forest herbs (Groffman et al. 2003).  Consistent with these general trends, 
previous research on forest understory herbaceous communities in the Cedar Rapids, Iowa 
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area indicated decreased numbers of conservative, habitat-specialist species usually 
associated with mesic, closed-canopy forests, and greater numbers of exotics and weedy 
generalist species for forests embedded in the urban matrix (Gerken 2005).   
Several studies have noted that not all species are equal in terms of functional 
capacity for nutrient uptake, biomass accumulation, or phenology of photosynthetically-
active biomass (Blank et al. 1980, Rothstein and Zak 2001).  Nutrient uptake by a single 
guild of herbaceous plants is sufficient to affect cycling at the system level.  In spring 
ephemerals, net uptake of N and P can equal estimated annual losses from the system (Blank 
et al. 1980); nutrients that might otherwise be lost to streams during heavy spring rains before 
tree leaf-out (Muller and Bormann 1976).  
 In Iowa, forests in both agricultural and urban landscapes may be missing sensitive 
herbaceous perennials that are functionally important, for example, for nutrient capture.  
Earlier results from a small-scale study indicated that the herbaceous layers of preserved 
forests had higher diversity, higher biomass, and higher nutrient uptake capacity than 
degraded forests in central Iowa (Gerken 2005).  The importance of the herbaceous layer for 
biodiversity and other functions (e.g. Whigham 2004, Gilliam 2007) warrants a closer look at 
species that are driving the differences between preserved and degraded areas, and 
examination of the potential for restoration.   
Study Questions 
The overall goal of this research was to explore the relationship between composition 
and function of the forest herbaceous layer.  Specific study objectives were to: 1) Assess the 
composition of forest herbaceous layers in forests affected by different land use histories 
(secondary, grazed, urban, managed, or preserved); 2) Assess the relationship between 
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composition and function;  3) Determine the feasibility of restoration for functionally 
important herbaceous species, and 4) Develop a structure for outreach to landowners and 
land managers that  supports integration of ecological and social systems for restoration of 
ecosystem function.  More specifically, study questions for the following chapters were: 
Is there an easy way to assess floristic quality of the herbaceous layer? 
Land owners and managers need simple, reliable tools to assess effects of human 
disturbance on the vegetation of a site to prioritize land for conservation and to assess 
management effectiveness (Herman et al. 1997).  Incorporating metrics that provide a more 
nuanced analysis of species characteristics (Mabry and Fraterrigo 2009) may help determine 
whether important species are more readily lost in disturbed systems and with them a key 
functional role.   
Is floristic composition of the herbaceous layer linked to water quality? 
The complex relationship between specific land uses, changes in floristic community 
composition, the resulting temporal changes in nutrient retention, and the potential broader 
effects on water quality have not yet been documented for forests in the Midwest. 
Quantification of the functional capacity of remnant forests to provide ecosystem services, 
and an understanding of the effects of intense human land use on their capacity to do so, 
could help inform targeted conservation efforts throughout the region. 
Are there candidate species which will restore function? 
One approach to functional restoration may be a limited re-introduction that could 
equal or exceed the nutrient retention capacity previously documented for the spring 
herbaceous community of preserved forests (Mabry et al. 2008). Some species that often 
grow in preserved forests but are usually rare or absent in disturbed forests have the capacity 
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for high biomass production and thus high restoration potential.   High ecological value may 
be realized by identifying key functional species and establishing cost-effective and easily-
applicable methods of restoration.   
What are appropriate sources of herbaceous plants for restoration, and how many are 
needed? 
Once species with high restoration potential have been identified, it is necessary to 
address other possible barriers that may prevent implementation.  At this time, few 
commercial nurseries that specialize in native plants produce herbaceous forest interior 
species, and there are few resources for planting protocol and best management practices for 
this community.  Land owners and managers interested in restoring function to degraded 
forests need information on sourcing plant material as well as recommendations of quantity 
needed for successful establishment. 
What is an effective structure for outreach that will encourage restoration of system 
function? 
Collaborative learning experiences such as workshops can promote knowledge 
retention, enthusiasm, and action, as well as help participants build a network with others 
who have similar goals.  Educating land owners and managers about recent findings in 
research on restoration of ecosystem function may enable them to affect change on forest 
land under their management.  By sharing evidence and promoting collaboration, landowners 
and managers may be encouraged to make decisions that favor ecosystem restoration. 
Dissertation Organization 
This dissertation provides insight on these study questions through seven chapters: 
Chapter 1, Introduction; Chapter 2, Measuring floristic quality of forest herbaceous layer 
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composition under different land uses; Chapter 3, An investigation of water nutrient levels 
associated with forest vegetation in highly altered landscapes; Chapter 4, Restoring nutrient 
capture in forest herbaceous layers of the Midwest (Iowa); Chapter 5, Targeted restoration of 
herbaceous woodland plants: persistence, growth, and reproductive success of local and non-
local propagules; Chapter 6, Collaborative learning about forest understory restoration and 
management: identifying goals and sharing knowledge; and Chapter 7, General conclusions.   
Data collection, data analysis, and manuscript preparation were the responsibility of 
the candidate.  Dr. Jan Thompson provided assistance with all studies, including design, data 
collection, project guidance, and editing. Dr. Cathy Mabry McMullen assisted with design, 
data collection, project guidance, and editing for Chapters 2, 3, 4, and 5.  Dr. Randy Kolka 
assisted with design, data collection, project guidance, and editing for Chapters 3 and 5.  
Additional doctoral program of study committee members (Drs. Barb Licklider, Richard 
Schultz, and Sarah Nusser) assisted with study framing, data analysis, editorial 
recommendations, and with professional development of the candidate.  Dennis Lock 
assisted with index development and statistical analyses for Chapter 2.  Robert K. Manatt 
conducted the greenhouse experiment, and assisted in data collection, analyses, and 
manuscript preparation for Chapter 5. Philip M. Bice helped conduct workshops and surveys, 
and assisted with manuscript preparation for Chapter 6. 
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CHAPTER 2: MEASURING FLORISTIC QUALITY OF FOREST HERBACEOUS 
LAYER COMPOSITION UNDER DIFFERENT LAND USES 
 
A manuscript formatted for submission to Ecological Applications 
 
Michaeleen Gerken, Dennis Lock, Janette R. Thompson, and Cathy M. Mabry 
 
Abstract 
Floristic quality measures such as the mean coefficient of conservatism (mean CC) 
have been used for assessment of a variety of plant community types, including remnant 
forests.  The floristically diverse herbaceous communities of hardwood forests in the 
Midwestern USA offer an ideal setting to test the validity of using mean CC to describe 
floristic quality.  We analyzed life-history characteristics of herbaceous layer plant 
communities in 126 plots across five land use types (secondary, grazed, urban, managed, and 
preserved forests) to determine mean CC and develop an independent index of disturbance.  
Exotic species, and annual and biennial forbs were associated with grazed and urban forests, 
while ferns and habitat specialists for closed-canopy and moist sites were associated with 
preserved forests.  Principal components analysis was used to integrate life-history 
characteristics into a disturbance index(𝐷𝑀𝑖); and correlation of 𝐷𝑀𝑖  with mean CC was 
high (r = 0.818).  Mean CC for the different forest types were 3.86 (secondary), 4.17 
(grazed), 4.49 (urban), 4.71 (managed), and 4.84 (preserved).  Corresponding 𝐷𝑀𝑖   values 
were 2.99, 4.44, 4.73, 5.85, and 6.15, respectively.  Evidence from the 𝐷𝑀𝑖 supports use of 
the mean CC to quantify the floristic quality of a forested site, provided that an accurate 
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botanical inventory and state-specific coefficients of conservatism are available.  Under our 
study conditions, mean CC was a simple, reliable metric, indicating that it could be used to 
identify conservation priorities, monitor impacts of disturbance, or measure restoration 
success.   
Key words: anthropogenic disturbance, coefficient of conservatism, life-history 
characteristics, forest remnant, specialists, mean CC 
 
Introduction 
Plant community composition can change in response to natural disturbance and 
human activities (Folke et al. 2004, Roberts 2004, McKinney 2008).  A number of methods 
have been developed to assess qualitative differences in flora that might result. Species 
richness and other common diversity indices (e.g. Shannon-Wiener Index, Simpson’s 
Diversity Index) may not identify subtle compositional shifts that are important for 
conservationists (Rooney and Rogers 2002, Hooper et al. 2005, Filippi-Codaccioni et al. 
2010).  These indices do not indicate whether inherent characteristics of a species lead to 
greater vulnerability to disturbance.  In contrast, a more complete picture of compositional 
change can be gained by classifying species according to their sensitivity to human 
disturbance and degree of fidelity to the highest quality sites (Brown and Boutin 2009, 
Mabry and Fraterrigo 2009, Brunet et al. 2011). For example, different types of human 
activity have been associated with loss of forest habitat specialists (Drayton and Primack 
1996, Devictor et al. 2008), and linked to introduction of exotic and ruderal plant species 
(Mabry 2002, Hill et al. 2002, McKinney 2006).    
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Metrics that aggregate more qualitative information on individual species and overall 
community composition could be useful to better assess factors such as the conditions of 
natural areas, their conservation value and the impact of human disturbance (Noss 1990, 
Lavorel and Garnier 2002).  In addition, land managers need metrics that can be quickly and 
reliably applied to compare remnant and restored natural areas to 1) identify the highest 
quality areas as conservation/preservation priorities (Lindenmayer et al. 2000, Myers et al. 
2000), 2) track potentially negative effects of disturbance over time (Hiddink et al. 2007), 
and 3) assess positive human impacts on vegetation by monitoring the effectiveness of 
management and restoration (Lindenmayer et al. 2000, Matthews and Endress 2008).   
Some fairly simple floristic quality assessment metrics have been developed to 
measure the impact of human disturbance and recovery in plant communities, and have been 
applied to a variety of plant community types including wetlands (Lopez and Fennessy 2002, 
Mushet et al. 2002, Cohen et al. 2004), prairies (Taft et al. 2006, Brudvig et al. 2007), and 
forests (Spyreas and Matthews 2006, Spyreas et al. 2012).  Determining floristic quality 
using mean coefficient of conservatism (CC) is straightforward and involves a site survey to 
generate a species list of vascular plants.  Each species is then coded according to the CC for 
the flora, which are usually available as a state-specific list subjectively determined by expert 
botanists who are very familiar with the state’s flora.  The CC of a species (specific to that 
flora) is an integer from 0-10; with 0 representing ubiquitous, generalist species tolerant of 
human disturbance, and 10 representing conservative species restricted to the highest quality 
native habitats and sensitive to human disturbance (Swink and Wilhelm 1994).  The simplest 
floristic quality calculation, mean CC (also written as mean C or mean CoC), is independent 
of species richness, sample size, area, or sampling season (Rooney and Rogers 2002, 
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Matthews 2003), in addition to being intuitive, especially in terms of a scale from 0-10 
(Rooney and Rogers 2002) and effective (Cohen et al. 2004).   
The subjectivity of the assignment of CC by a panel of expert botanists is a potential 
criticism of the technique; however, studies have supported use of mean CC to assess degree 
of human disturbance in wetlands (Lopez and Fennessy 2002, Cohen et al. 2004).  For 
instance, abiotic indicators of disturbance were correlated with communities composed of 
greater numbers of low CC plants (Lopez and Fennessy 2002), and mean CC scores were 
found to be comparable to an empirical index of sensitivity to disturbance (Cohen et al. 
2004).  However, because mean CCs are becoming widely adopted by land managers, it is 
critical that they be independently validated for other plant community types. There are fewer 
examples documenting use of mean CC in forested systems (e.g. Spyreas and Matthews 
2006), but the need to qualitatively measure community composition in forests is apparent 
(Foster et al. 1998, Bellemare et al. 2002).  
Forest community composition may best be assessed by examining the herbaceous 
layer because it represents 80% of floristic diversity in a hardwood forest (Gilliam 2007).  In 
addition, it is important for managers to understand and track changes in the herbaceous layer 
not only for diversity, but for its relationship to ecosystem function and because it is 
particularly sensitive to human disturbance of various types and extent (Gilliam 2007). In this 
study, we chose to focus on the herbaceous layer because substantial effort has been devoted 
to understanding its ecological significance, resilience, and recovery from historical human 
activity (Gilliam and Roberts 2003, Whigham 2004).  For example, numerous studies from 
the central and eastern United States have documented the lasting legacy of past agriculture 
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and settlement on the composition of forests by focusing on the herbaceous layer (Drayton 
and Primack 1996, McLachlan and Bazely 2001, Flinn and Vellend 2005).   
The Midwestern region, USA is an ideal setting to study herbaceous layer response to 
human disturbance because hardwood forest remnants in this region are often discrete and 
have a history of being used as part of a working landscape (Spyreas and Matthews 2006).  
Although the conditions and degree of human impacts vary widely, forest areas in the 
Midwest and Iowa in particular, can be grouped into five predominant types: secondary, 
grazed, urban, managed, and preserved forests.   
At one end of the human disturbance continuum is total removal of vegetation and 
subsequent natural regrowth of forest vegetation.  These secondary forests are a common 
result of old-field succession following agricultural abandonment (Flinn and Vellend 2005).  
After a major decline in forested area to a low of 0.65 million ha due to land conversion 
(Jungst et al. 1998), subsequent secondary succession puts current forest land estimates as 
approximately 3 million of Iowa’s total 14.6 million ha (Nelson et al. 2011).  Reforestation 
by woody plants can occur rapidly (Flinn and Vellend 2005). However, many components of 
the native perennial herbaceous layer are very slow to recolonize in these new secondary 
forests (Bierzychudek 1982, Flinn and Vellend 2005).  Instead, the forest floor of secondary 
forests is likely to be dominated by groups of generalist plants that disperse readily and 
expand quickly (McLachlan and Bazely 2001, Spyreas et al. 2012). 
Forests that have been grazed by domestic livestock represent another type of 
remnant forests. In the agriculturally-dominated landscape of the Midwest, on-farm 
woodlands can be important for conserving native plant diversity (Freemark et al. 2002), but 
use of woodlots for grazing domesticated livestock can have lasting negative impacts on the 
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vegetation (Brown and Boutin 2009).  In the last century, the majority of Iowa forests (89% 
or more) were grazed and the legacy effects of this practice on the vegetation can be evident 
long after cattle are removed (Mabry 2002). In addition to direct effects of browsing, grazing 
in remnant forests can cause soil compaction, resulting in drier conditions (Kucera 1952), 
which also shifts species composition towards exotic and weedy native species.  Among 
herbaceous species, those that have fleshy roots and early-flowering species are among the 
most vulnerable to grazing disturbance (Mabry 2002).   
Urban and suburban forests represent a third type of forest remnant.  As urban areas 
have grown in the Midwest, forest areas have remained as small fragments in city parks or 
neighborhood green space that become enveloped in a network of concrete and residential 
development.  In the developed areas themselves, site preparation and construction 
frequently involve destruction of the native vegetation, which is often replaced with exotic 
ornamentals or turf (McKinney 2002).  Even when remnant flora survives, urban 
encroachment has negative effects on the forest community, including increased potential for 
invasion by exotic species (DeCandido 2004, Gerken et al. 2013), and changes in 
microclimate such as increased insolation, wind, and temperature (Saunders et al. 1991).  
Human activities in urban forests appear to disproportionately affect herbaceous species that 
depend on the cool, moist habitat of forest interiors and may be reduced in number or lost 
completely (Robinson and Yurlina 1994, Groffman et al. 2003), typically replaced by 
generalists (Drayton and Primack 1996).   
Forests harvested to produce timber are a fourth type of remnant forest impacted by 
human disturbance.  Management of both rural and exurban remnant forests can provide a 
source of additional income for landowners, and 29% of privately-owned forests in Iowa are 
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harvested to varying degrees (Leatherberry et al. 2006).  Timber harvesting regimes have a 
very wide range of effects on composition of deciduous forests, from loss of original 
diversity to conservation of target species (Fredericksen et al. 1999, Whigham 2004).   
Intense harvest can cause compositional shifts in vernal herbaceous plant communities (von 
Oheimb and Härdtle 2009) or loss of shade-tolerant forest species (Fredericksen et al. 1999), 
while single-tree harvest regimes may conserve or even promote herbaceous species diversity 
(e.g. Franklin 1993, Jenkins and Parker 1999, Brosofske et al. 2001).   
A fifth type of forest remnant in the Midwest includes areas that are relatively 
undisturbed by human activities.  About 130,000 ha (or 16%) of forest land in Iowa were in 
public reserves (Nelson et al. 2011) at the time of this study.  Among these, mature forests 
with known and/or documented history of minimal human disturbance are characterized by 
an herbaceous layer with a diverse suite of native perennials, many of which are forest 
specialists (Eilers and Roosa, 1994, McLachlan and Bazely 2001).   
We conducted this research to determine whether we could recommend the use of 
mean CC to land managers as a simple, reliable tool to assess the effects of human activities 
on plant communities.  Our objective was to independently validate the mean CC as a metric 
characterizing floristic quality for the herbaceous layer of forests.  We expected high floristic 
quality, or high mean CC, at sites with minimal human disturbance; and low floristic quality 
or low mean at with sites with a high degree of human disturbance.  Specifically, we 
postulated that: 1) a number of independent plant life-history characteristics could measure 
degree of human disturbance, 2) an index could be created combining these life history 
characters to assess relative site disturbance independently of mean CC, and 3) if the mean 
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CC was correlated with the independent index, it would validate mean CC as a method to 
directly assess degree of human disturbance and the floristic quality of forests. 
Methods 
Study area 
Our study was made possible by a large set of plot data collected between 2003 and 
2011 during a series of studies examining land use and plant community composition in 
hardwood forests in Iowa.  Five major types of remnant forests in the Midwest (as outlined 
above) were examined: secondary, grazed, urban, managed, and preserved forests.  The five 
forest types were represented among 38 sites in 11 counties in Iowa (Fig. 1), where we 
established a total of 126 plots.  
A number of criteria were used to identify study sites that represented these forest 
types. Secondary sites were former crop fields that had naturally revegetated via successional 
processes with little direct management.  Grazed sites had been subjected to cattle grazing 
within the past 20 years, with no other recent forest management. Urban forest remnants 
were located within the corporate boundaries of Cedar Rapids or Des Moines, Iowa and 
within residential neighborhoods or city parks.  Managed sites had a history of single-tree 
selection harvest methods such as regeneration cutting, timber stand improvement, or crop 
tree release (Nyland 1996).  A set of preserved forests for which we could document 
historical ownership and minimal disturbance served as our proxy for intact, high quality 
remnants.  Preserved forests were owned by state, county, or private conservation 
organizations, and were not actively managed for timber harvest or subject to grazing within 
the most recent 30 years.  All plots were located on uplands and slopes; bottomland forests 
were excluded based on previous analyses indicating that floristic composition and 
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disturbance regime in bottomland forests were significantly different (Pyle 1995, Lyon and 
Sagers 1998, Gerken 2005).   
Data collection  
Because most forest remnant areas were small, random or systematic plot placement 
was not possible.  Instead, we used topographic maps to identify plot locations on uplands 
and slopes.  We then demarcated 20m x 20m plots in the field at those locations.  This 
method allowed us to avoid placing plots close to edges or other potentially confounding 
landscape attributes, and to avoid bias in plot placement.  Floristic surveys of all plots were 
conducted by the same investigator (Gerken) using a consistent protocol.  Surveys were 
conducted by traversing the entire plot once and recording each species observed.  Species 
that could not be positively identified in the field were collected as voucher specimens for 
verification. Each plot was visited in spring and summer of a given year and not revisited in 
subsequent years.  A subset of plots (n=27) were also visited in fall (Table 1). This additional 
survey accounted for 24 new species beyond those observed in spring and summer surveys.  
Woody plants were not included in this analysis.  Plot environmental variables (slope, aspect, 
basal area, soil type, and percent canopy cover) were also recorded, but were not related to 
the variables of interest and therefore not included in subsequent analyses.   
Life history variable selection 
Inventories from seasonal visits were compiled into a single list of all herbaceous 
species observed in each plot.  Species were then assigned a binary (0 or 1) code for each of 
several life history characters: whether they were exotic, their habitat affinity for closed-
canopy sites, and their habitat affinity for moist sites.  For each species, growth form was 
also described as annual, biennial, fern, herbaceous vine, perennial grass, perennial sedge, or 
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perennial forb.  Life history character designations were independently determined for each 
species using published floras of the region (primarily Gleason and Cronquist 1991, or 
Barkley 1986 when not listed in the former).  The total number of species with a given 
characteristic were summed for each plot.  Among the potential life history characters 
evaluated, we chose a subset of characteristics a priori based on our experience and previous 
research on characters that have been correlated with tolerance of human disturbance (Hill et 
al. 2002, Aubin et al. 2007, Mabry and Fraterrigo 2009, Vallet et al. 2010).  Exotics, annuals, 
and biennials were the attributes most likely to be associated with high human disturbance, 
and ferns, closed-canopy specialists, and moist-site specialists were most likely to be 
associated with low human disturbance.  Each species was also coded for its Iowa CC (Iowa 
State University Ada Hayden Herbarium 2004).  We then determined mean number of 
species for each plot with each of the life history characters as well as mean CC for each plot 
within each forest type.   
Development of an index of disturbance 
To examine the relationship between individual life history variables and mean CC, a 
Pearson correlation coefficient was calculated for each variable (exotics, annuals, biennial 
forbs, ferns, closed-canopy specialists, and moist-site specialists) with mean CC.  However, 
individually these attributes captured a limited amount of information about floristic 
integrity.   We therefore examined the combined effects of these variables in relation to mean 
CC.  To do this, we fit a multiple regression model using ordinary least squares estimation: 
𝐶𝐶�𝑖 = 𝛽0 + �𝛽𝑘𝑋𝑘,𝑖6
𝑘=1
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where 𝐶𝐶�𝑖 is the mean CC for plot i, 𝛽0 is the predicted mean CC if k is equal to 0, k is the 
life history variable, 𝛽𝑘 represents the coefficient and 𝑋𝑘,𝑖 represent the values for each life 
history variable k.   
 The regression showed that the six life history characteristics combined could 
strongly predict mean CC.  However, to validate the mean CC, a composite metric that was 
independent of mean CC was needed.  A human disturbance metric integrating the six life 
history variables (without using mean CC values) was created using principle components 
analysis (PCA).   Because variances were unequal (ranging from smallest Var (F) = 2.08 to 
largest Var (M) = 43.33), each variable was standardized before performing the PCA.   
The PCA axes were centered at zero and the standardized PCA values ranged 
between -4.5 and 3.5.   To transform the resulting loadings (coefficients in the PCA) back to 
the original units, each loading was divided by the variable’s standard deviation, which 
thereby reversed the standardization.  The de-standardization process had increased the PCA 
values such that a constant of 3.087 was added to each PCA value to center the equation at 5 
and allow for comparison on the same scale as mean CC. The resulting disturbance metric 
index, 𝐷𝑀𝑖, was calculated: 
𝐷𝑀𝑖 = �𝑎𝑘𝑠𝑘 𝑋𝑘,𝑖6
𝑘=1
+ 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 
where for each plot, i, k represents each variable, 𝑎𝑘 represents the value from the first 
component of the standardized PCA, 𝑠𝑘 is the standard deviation, and 𝑋𝑘,𝑖 are the values for 
each variable k and each plot i.  The result was an index: 
𝐷𝑀𝑖 = 3.087 − 0.137𝑋𝐸,𝑖 − 0.119𝑋𝐴,𝑖 − 0.330𝑋𝐵,𝑖 + 0.176𝑋𝐹,𝑖 + 0.760𝑋𝐶,𝑖 + 0.054𝑋𝑀,𝑖  
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where for each plot, i, E is the number of exotics, A is the number of annual forbs, B is the 
number of biennial forbs, F is the number of ferns, C is the number of closed-canopy 
specialists, and M is the number of moist-site specialists.  
The 𝐷𝑀𝑖 values generated range between 0 and 10, with 0 indicating high human 
disturbance (low floristic integrity) and 10 indicating low human disturbance (high floristic 
integrity).  The average 𝐷𝑀𝑖 for sites in this dataset is exactly 5.  The calculated 𝐷𝑀𝑖 values 
were used to assess the condition of a site using the six variables judged most closely 
associated with human disturbance.  Land use types were compared using ANOVA and 
Tukey’s HSD for both mean CC and 𝐷𝑀𝑖.  Mean CC was tested by correlating it with  𝐷𝑀𝑖 
at the plot level.  Data were normally distributed and required no additional transformations.  
We set 𝛼 = 0.05 as our criterion for statistical significance. 
Results 
There were 280 unique herbaceous species identified across all plots.  Overall, mean 
CC of all plots was 4.47.  Mean CC among sites ranged from 3.17 to 5.18 (Table 1).  Mean 
CC was lowest for secondary forest types and highest for preserved forests (Table 2). 
Although there was overlap in mean CC values for plots among forest types, in general mean 
CC increased from secondary to grazed, urban, managed, and preserved forest types (Table 
2).  
Individually, each of the six life history variables was correlated with mean CC 
(Table 3).  These preliminary analyses supported our variable selections since exotics, 
annuals, and biennials were highly negatively correlated with mean CC, and ferns, closed-
canopy specialists, and moist-site specialists were highly positively correlated with mean CC.  
Multiple regression analysis also indicated strong association between the integration of 
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these six variables and mean CC (R2 = 81.2%, residual SE = 0.237).   The multiple regression 
equation indicated that the number of annual forbs and exotic species were negatively 
associated with mean CC, while the number of ferns and species with affinity for closed-
canopy habitat were positively related.  The remaining terms were non-significant, possibly 
due to collinearity; the number of biennial forbs was collinear with exotic species, and the 
number of species with moist-site affinity was collinear with closed-canopy species.  Most of 
the information provided by biennial forbs was also contained in exotic species, that is, more 
about mean CC was explained by the exotic characteristic than by the biennial characteristic.  
Likewise, most of the information from the moist-site affinity characteristic was contained in 
the closed-canopy affinity characteristic. 
The first component of the PCA captured the most information from a linear 
combination of the six life history variables.  This indicated negative coefficients for exotics, 
annuals, and biennials, and positive coefficients for ferns, closed-canopy specialists, and 
moist-site specialists.  PCA indicated that the variables that would be expected to be 
associated with a lower mean CC (common, weedy, and/or generalist species) were 
negatively associated with the first component of the PCA, and the variables expected to 
raise the mean CC (conservative and specialist species) were positively associated with this 
component.   
Low 𝐷𝑀𝑖values indicated that a given plot had more exotic, annual, and biennial 
species, while higher 𝐷𝑀𝑖 values indicated a greater proportion of ferns, closed-canopy 
specialists, and moist-site specialists.  Mean 𝐷𝑀𝑖was 4.832, and was highest for managed 
and preserved forest types and lowest for secondary forests (Table 2).  The mean CC and 
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𝐷𝑀𝑖were strongly correlated (r= 0.818; Fig. 2).  Further, mean CC was more highly 
correlated with the index than any of the individual life history variables (Table 4).  
Discussion 
Floristic quality assessment using the mean CC has become increasingly common.  
Because of criticism related to the fact that CC values are subjectively assigned, a growing 
number of studies have been conducted to validate their use (Lopez and Fennessy 2002, 
Cohen et al. 2004, Taft et al. 2006).  However, these studies themselves may have relied, at 
least in part, on subjective measures such as “best scientific judgment” (Cohen et al. 2004) or 
a priori determinations of relative disturbance (Lopez and Fennessy 2002) for validation. In 
contrast, our goal was to validate mean CC using a metric developed completely 
independently of CC (objectively determined plant species’ life history characteristics).  The 
strong relationship between mean CC and the independent metric for disturbance that we 
developed (𝐷𝑀𝑖 ) across a number of land use types indicates that mean CC is an appropriate 
metric for detecting degree of human disturbance on forest herbaceous flora. 
The large data set we used provided the opportunity for robust analysis and good 
estimates of true population statistics.  Therefore, the 𝐷𝑀𝑖 can be a reliable metric to test the 
mean CC, and to determine if mean CC provides an accurate assessment of floristic integrity, 
in our case, for hardwood forests.  The breadth of the data set we used, collected at multiple 
plots on 38 sites representing five land use types, lends confidence to our conclusion. Similar 
studies conducted earlier to validate mean CC (and related floristic quality indices such as 
FQI, FQAI) were of narrower breadth; a study in prairie ecosystems included seven sites 
under two land use types (remnants and reconstructions; Taft et al. 2006), a study in wetlands 
included 75 sites under two land use types (agricultural and reference; Cohen et al. 2004), 
25 
 
 
 
and a study of forests included 106 sites of which 55 were upland forest areas, but did not 
include land use type as a variable of interest (Spyreas and Matthews 2006).  In addition, 
floristic quality assessments have been shown to respond to and integrate succinctly a 
number of disturbance factors (Lopez and Fennessy 2002, Cohen et al. 2004), suggesting 
they may be a good method to assess impacts of varied anthropogenic stressors associated 
with different land use types. 
Based on previous research in hardwood forests, exotic species, annuals, and 
biennials were expected to be more prevalent in highly disturbed areas (Hill et al. 2002, 
Mabry and Fraterrigo 2009, Vallet et al. 2010), while ferns and specialists for closed-canopy, 
moist-site forests were expected to be more prevalent in intact forests with little human 
disturbance (Aubin et al. 2007, Mabry and Fraterrigo 2009).  Although there are exceptions, 
in general, the former three variables are associated with individual species that have a low 
CC, and the latter three variables are associated with species that have a high CC.  By 
integrating this information, the 𝐷𝑀𝑖 is a more powerful predictor of disturbance than the 
individual life history variables.  Further, the relationships between variables quantified in 
the 𝐷𝑀𝑖 confirm the relationship suggested between non-native or short-lived species and 
low conservatism (Spyreas et al. 2012).  
Moreover, the protocol for developing an independent index of disturbance is 
transferable, and could be used to validate CCs in other states and regions where species’ life 
history characteristics are similarly associated with human disturbance.  The 𝐷𝑀𝑖 equation 
presented here can be used directly on analyses of floristic inventories, as long as inventories 
allow characterization of species as exotics, annuals, biennials, ferns, closed-canopy 
specialists, or moist-site specialists.  The 𝐷𝑀𝑖  could be plotted against mean CC using the 
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rankings particular to that state for validation.  Alternatively, determining mean CC at a plot 
level is an easier method to apply where coefficients of conservatism have been assigned 
(currently for at least 30 states), and it would allow for application of a common metric, 
making it easier to compare the impact of human disturbance on the flora of different regions 
(e.g. Mabry and Fraterrigo 2009).   
Both 𝐷𝑀𝑖 and mean CC in this case focus on herbaceous species, the most diverse 
and sensitive stratum of vascular plants in hardwood systems (Whigham 2004, Gilliam 
2007).  Generally, the herbaceous layer serves as a strong indicator of floristic quality 
compared to other canopy layers in forest systems (Nichols et al. 2006).  Additionally, the 
herbaceous layer is an ideal stratum of the community to consider because the effects of 
human disturbance on community composition may affect capacity to perform ecosystem 
services (Naeem et al. 1995, Hooper et al. 2005).   For example, a diverse native forest 
herbaceous layer can play an important role in seasonal storage of nutrients (Blank et al. 
1980, Peterson and Rolfe 1982), while depauperate herbaceous layers with a history of more 
intense human land use have been found to have lower biomass, lower nutrient content, and 
lower mean CC than preserved (intact) systems (Mabry et al. 2008, Gerken et al. 2013).  
Mean CC has several advantages for use to determine conservation/preservation 
priorities and to monitor either degradation or restoration of natural areas over time. The only 
data necessary to determine mean CC are an accurate botanical inventory and a list of the 
coefficients for the state or local area.  Although considerable expertise is required to obtain 
an accurate inventory (Rooney and Rogers 2002), once inventory information is available 
determining mean CC is relatively time- and cost-effective.  Even though relatively simple to 
determine, mean CC allows nuanced interpretation of plant community composition that 
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could be very instrumental for both managers and environmental decision-makers (Herman 
et al. 1997, Bowers and Boutin 2008). 
One limitation of the 𝐷𝑀𝑖 and subsequent validation of mean CC in our study is that 
all plots were on uplands and slopes.  Bottomland forests were not included because they are 
notably different in composition (Gerken 2005, Holmes et al. 2005) and disturbance regime 
(Pyle 1995).  The variables that we used in the disturbance index may not apply to 
bottomland forests, especially the number of annual and biennial forbs, and the number of 
moist-site specialists.  In other work in Illinois, Spyreas and Matthews (2006) found patterns 
of nestedness between bottomland and upland forests in terms of species richness and mean 
CC, indicating that although the 𝐷𝑀𝑖  may not be applicable to bottomland forests, mean CC 
is probably still a valid approach to evaluate floristic integrity in bottomland forests. 
The analyses presented here validate mean CC as a tool for rapid assessment of 
floristic quality for the herbaceous flora of upland forests in Iowa.  This study corroborates a 
growing body of literature and indicates that mean CC can be recommended to land owners 
and managers as a reliable method to assess the impact of human activities on vegetative 
communities (Herman et al. 1997, Anderson et al. 2007).  This method can also be used to 
compare site quality (Taft et al. 2006), evaluate natural succession (Spyreas et al. 2012), and 
gauge restoration success (Mushet et al. 2002, Matthews et al. 2009).  While botanical 
expertise is needed to generate a species list, no additional specializations, costly equipment, 
or lengthy tests are needed to evaluate natural areas. The mean CC is valuable as a simple 
means to gauge disturbance, select sites for conservation, and evaluate management efficacy.   
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Figures 
 
Figure 1. Study site locations of 126 plots for forests in five land use types in central Iowa, 
USA. Sites were sampled from 2003 to 2011. 
35 
 
 
 
 
Figure 2.  Scatterplot of 𝐷𝑀𝑖values and mean CC for herbaceous flora in each of 126 plots in 
hardwood forests in Iowa. 
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Tables 
Table 1.  Average Coefficient of Conservatism (mean CC) and standard deviations (SD) of 
plots by land use type and site for herbaceous flora in central Iowa forests. 
Type Site  Total plots Mean CC SD Seasons visited 
Secondary S1 4 3.170 0.14 Spring, Summer 
Secondary S2 4 3.664 0.19 Spring, Summer 
Secondary S3 4 3.879 0.22 Spring, Summer 
Secondary S4 4 3.918 0.14 Spring, Summer 
Secondary S5 4 4.177 0.53 Spring, Summer 
Secondary S6 4 4.367 0.32 Spring, Summer 
Grazed G1 1 3.600 - Spring, Summer 
Grazed G2 3 3.965 0.29 Spring, Summer, Fall 
Grazed G3 3 4.147 0.19 Spring, Summer, Fall 
Grazed G4 4 4.151 0.27 Spring, Summer 
Grazed G5 1 4.188 - Spring, Summer 
Grazed G6 3 4.189 0.16 Spring, Summer, Fall 
Grazed G7 4 4.287 0.14 Spring, Summer 
Grazed G8 1 4.941 - Spring, Summer 
Urban U1 3 3.765 0.35 Spring, Summer, Fall 
Urban U2 5 4.513 0.28 Spring, Summer 
Urban U3 3 4.513 0.12 Spring, Summer, Fall 
Urban U4 4 4.544 0.50 Spring, Summer 
Urban U5 3 4.656 0.17 Spring, Summer, Fall 
Urban U6 5 4.744 0.16 Spring, Summer 
Managed M1 4 4.609 0.42 Spring, Summer 
Managed M2 4 4.742 0.36 Spring, Summer 
Managed M3 4 4.791 0.34 Spring, Summer 
Preserved P1 1 4.300 - Spring, Summer 
Preserved P2 1 4.400 - Spring, Summer 
Preserved P3 3 4.494 0.16 Spring, Summer, Fall 
Preserved P4 4 4.560 0.23 Spring, Summer 
Preserved P5 3 4.683 0.14 Spring, Summer, Fall 
Preserved P6 4 4.693 0.69 Spring, Summer 
Preserved P7 3 4.718 0.21 Spring, Summer, Fall 
Preserved P8 4 4.783 0.29 Spring, Summer 
Preserved P9 4 4.792 0.41 Spring, Summer 
Preserved P10 4 4.966 0.15 Spring, Summer 
Preserved P11 4 5.004 0.26 Spring, Summer 
Preserved P12 4 5.088 0.16 Spring, Summer 
Preserved P13 4 5.138 0.32 Spring, Summer 
Preserved P14 4 5.174 0.26 Spring, Summer 
Preserved P15 1 5.176 - Spring, Summer 
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Table 2.  Mean CC, standard deviations (SD), and mean 𝐷𝑀𝑖, standard deviations (SD) of 
plots by land use type for herbaceous flora in central Iowa forests. 
Type Sites Plots Mean CC† SD 
Mean 
𝐷𝑀𝑖† SD 
Secondary 6 24 3.863 a 0.47 2.988 a 1.58 
Grazed 8 20 4.169 ab 0.30 4.441 b 1.12 
Urban 6 22 4.487 bc 0.39 4.731 b 0.79 
Managed 3 12 4.714 cd 0.35 5.847 c 0.81 
Preserved 15 48 4.841 d 0.36 6.151 c 0.89 
†Means with the same letter in a column are not different at p = 0.05 according to Tukey’s 
HSD. 
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Table 3.  Correlation matrix of individual life history variables and mean CC for herbaceous 
species in central Iowa hardwood forests. 
  
Exotic 
species 
Annual 
forb 
Biennial 
forb Fern 
Closed-
canopy 
specialist 
Moist-
site 
specialist 
Mean 
CC 
Exotic species 1 0.576 0.830 0.010 -0.318 -0.075 -0.613 
Annual forb 
 
1 0.434 -0.089 -0.067 0.227 -0.649 
Biennial forb 
  
1 -0.105 -0.289 -0.115 -0.501 
Fern 
   
1 0.367 0.378 0.400 
Closed-canopy specialist 
   
1 0.887 0.638 
Moist-site specialist 
    
1 0.406 
Mean CC             1 
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Table 4. Correlation coefficients for life history characteristics with the disturbance metric 
index, 𝐷𝑀𝑖, for herbaceous species in central Iowa hardwood forests. 
Variable r 
Exotic species -0.790 
Annual forbs -0.486 
Biennial forbs -0.778 
Ferns 0.403 
Closed-canopy specialists 0.716 
Moist-site specialists 0.567 
Mean CC 0.818 
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CHAPTER 3: AN INVESTIGATION OF WATER NUTRIENT LEVELS 
ASSOCIATED WITH FOREST VEGETATION IN HIGHLY ALTERED 
LANDSCAPES  
 
Modified from a paper accepted by The Journal of Soil and Water Conservation 
 
M. E. Gerken, J. R. Thompson, C. M. Mabry, and R. K. Kolka 
 
Abstract 
Stream pollution by nutrient loading is a chronic problem in the Midwest, U.S., and 
greater impacts on water quality are expected as agricultural production and urban areas 
expand.  Remnant riparian forests are critical for maintaining ecosystem functions in this 
landscape context, allowing water infiltration and capture of nutrients before they are lost 
from the system.  Our objective was to identify linkages between riparian forest plant 
community composition and water quality in remnant forested headwater streams.  We 
identified watersheds with embedded headwater streams in three land use categories: grazed, 
urban, and preserved.  We assessed plant community composition and nutrient storage. We 
sampled the forest streams to monitor discharge rates and sediment, nitrogen, and phosphorus 
loads.  Herbaceous communities in preserved riparian forests had more native specialist 
species than urban or grazed sites. Plant nitrogen content was higher in preserved forests 
(17.6 kg ha-1or 15.7 lb ac-1) than grazed (12.5 kg ha-1 or 11.2 lb ac-1) or urban forests (10.5 kg 
ha-1or 9.4 lb ac-1).  Conversely, stream water total nitrogen delivery was higher in urban 
watersheds (0.043 kg ha-1day-1or 0.038 lb ac-1day-1) than preserved (0.026 kg ha-1day-1 or 
0.023 lb ac-1day-1) or grazed watersheds (0.020 kg ha-1day-1 or 0.018 lb ac-1day-1).  Stream 
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water nitrate concentration and total phosphorus delivery were highest for streams in urban 
areas. The most pronounced differences for plant composition and stream discharge and 
pollutant loads were between preserved and urban forests.  Seasonal patterns were variable.  
We detected a weak negative but seasonally important relationship between plant nitrogen 
content and stream water nitrogen.  We did not detect a similar relationship for phosphorus 
which may indicate saturation of this nutrient in the watershed system.  Detailed knowledge 
about relationships between land use, plant community composition, and water quality 
outcomes could be used to target forest restoration efforts in landscapes highly impacted by 
humans.    
Key words: ecosystem function — headwater — herbaceous layer — nutrient storage — 
water quality 
Introduction 
Human land use has had far-reaching effects on natural systems.  There is 
increasingly extensive and intensive pressure for arable land to produce food, fiber, and fuel 
(Secchi et al. 2008), which are then translocated globally, effectively decoupling natural 
cycles of water and nutrients.  Likewise, the places where people live and work are 
expanding, with exurban sprawl and pressure intensifying due to growing populations in 
urban areas.  This in turn leads to an increase in the importation and concentration of water 
and nutrients and disrupts ecosystem processes (Groffman et al. 2003; Bernhardt et al. 2008).   
The Cornbelt region of the Midwestern US is an example of a landscape that has been 
highly altered for both agricultural and urban uses.  In the Midwest, and Iowa in particular, 
increased levels of nutrients, specifically nitrogen (N) and phosphorus (P), which enter the 
system via application of fertilizers and atmospheric deposition, result in increased nutrient 
loading in waterways.  In such landscapes, hydrological alterations that redirect water 
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quickly off site can exacerbate nutrient loss to streams by reducing on-site storage and 
processing (Bernhardt et al. 2008). 
Because of intense pressure on the land to maximize ecosystem services, “targeted 
conservation” that can be implemented without sacrificing highly productive land has 
become a goal for this region (Secchi et al. 2008).   Such efforts could rely heavily on 
conservation of small remnants of natural ecosystems that still exist within this landscape 
matrix.  However, there have been relatively few studies measuring the capacity of remnant 
systems to provide ecosystem services such as biogeochemical and hydrologic processing in 
a landscape context.  The degree to which these native ecosystem remnants, and specifically, 
central hardwood forest remnants, still function to preserve biodiversity and maintain cycles 
of water and nutrients is not known.   
In this agriculturally-dominated landscape, on-farm woodlands can be important for 
conserving native plant diversity (Freemark et al. 2002).  Yet these forests are still part of a 
working landscape, and many continue to be used for income generation, including firewood 
harvest, timber production, and livestock grazing (Moser et al. 2009).  Cattle grazing in 
forests, however, can have negative impacts on both overstory and understory vegetation 
(Brown and Boutin 2009; Mabry 2002).   Furthermore, grazing has been shown to alter 
hydrology and water quality through decreased infiltration, increased runoff, and 
concentration of nutrients in streams (Belsky et al. 1999).  
Urban land use and increasingly exurban sprawl also degrade natural ecosystems, 
resulting in loss of native herbaceous species and an increase in non-native and woody plants 
in the understory (DeCandido 2004).  Various causes for vegetation changes have been 
implicated, including increased herbivory from concentrated white-tailed deer populations 
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(Hygnstrom et al. 2011), pollution (Gilliam 2006), trampling (Hamberg et al. 2010) and 
altered hydrology (Bernhardt et al. 2008).  A link between vegetation and hydrology also 
appears to be functionally significant. Changes to hydrology in urban areas include increased 
impervious surfaces, often leading to lowered water table levels and higher peak discharge 
events.  This in turn leads to lower rates of nutrient accumulation in soil and greater nutrient 
loss during flashy peak flow events (Bernhardt et al. 2008).  Research by investigators at the 
Baltimore Ecosystem Study site identified a link between lower urban water table levels and 
plant community composition (Groffman et al. 2002, 2003).  These changes in hydrology 
occur as a result of human effects on vegetation, but it is unclear how this altered vegetation 
may feed back to exacerbate changes in hydrology. 
Numerous studies have indicated that shifts in forest community composition and 
diversity may occur as a result of intense and/or prolonged disturbance such as land use 
change (Flinn and Vellend 2005; Robinson et al. 1994; Drayton and Primack 1996), which 
affects the capacity to perform ecosystem services (Hooper et al. 2005).  Experimental 
studies of vegetation diversity have shown that changes to community composition can alter 
ecosystem processes (Naeem et al. 1995). Specifically, a diverse native forest herbaceous 
layer can play an important role in seasonal storage of nutrients (Blank et al. 1980; Peterson 
and Rolfe 1982).  Although it represents only a small portion (1%) of forest biomass, the 
herbaceous layer accounts for 20% of foliar litter, and it is high-quality litter that is cycled 
quickly (Gilliam 2007), and is thus an important part of seasonal nutrient cycles.  Our 
previous work has shown that intact herbaceous layers in relatively undisturbed forests 
produce more biomass and are able to store more nutrients in spring than herbaceous layers 
in heavily disturbed forests (Mabry et al. 2008).  This complex relationship between specific 
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land uses, changes in community composition, the resulting temporal changes in nutrient 
retention, and the potential broader effects on water quality have not yet been documented 
for forests in the Midwest. 
Central hardwood forests in the Midwest are biologically diverse, with a complex 
herbaceous understory that is important for seasonal nutrient storage (Peterson and Rolfe 
1982; Mabry et al. 2008).  Headwater streams embedded in these remnant hardwood forests 
play a critical role in water and nutrient cycling because of the tight coupling of terrestrial 
and aquatic processes in headwater streams (Gomi et al. 2002).   These factors make remnant 
forested headwater streams an ideal setting for targeted efforts to protect both biodiversity 
and water quality in the Cornbelt.  Quantification of the functional capacity of remnant 
forests to provide these ecosystem services, and an understanding of the effects of intense 
human land use on their capacity to do so, could inform targeted conservation efforts 
throughout the region. 
In this study, we compared three forest land use types - preserved, grazed, and urban - 
to examine the impacts of land use on plant community composition and water quality in 
their associated headwater streams.  Our study was guided by four hypotheses:  We expected 
understory vegetative communities in disturbed (grazed and urban) forests to have more non-
native and weedy generalist species than preserved forests.  We also expected understory 
communities in disturbed forests to have lower plant nutrient content than preserved forests, 
and concurrently expected headwater streams embedded in disturbed forests to have higher 
stream nutrient concentrations and delivery.  Finally, we expected to find a link between 
plant community quality, plant nutrient content, and stream water nutrient levels, indicating 
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that forests that retain high levels of nutrients in native herbaceous biomass will exhibit lower 
nutrient export. 
Materials and Methods 
Study sites   
We conducted this study in the Lake Red Rock watershed in central Iowa (Fig. 1).   
The area is dominated by agriculture, with remnant forests concentrated along streams and 
rivers, and home to the largest urban area in the state, the Des Moines-West Des Moines 
metropolitan statistical area (est. 2010 population 572,000; US Census Bureau 2011).  The 
watershed is approximately 21,070 hectares (52,043 ac) and is 42% row crop, 8% urban, 
33% grassland/pasture/wetland, and 15% forest, as calculated from the National Land Cover 
Database of 2006 (Fry et al. 2011).  Iowa as a whole is approximately 65% row crop, 3% 
urban, 23% grassland/pasture/wetland, and 8% forest (Fry et al. 2011).  Despite recent 
declines in the practice, about 34% of woodlands in Iowa are grazed (USDA 2012).   
Historically, riparian areas with relatively high moisture and greater topographic relief served 
as refugia from fire for hardwood trees and associated species before settlement, and were 
not appropriate for land use conversion post-settlement.  On upland and sloped areas, these 
forests are characterized as mature oak-hickory forests and range in size from a few hectares 
in heavily urbanized areas to more than a hundred hectares in agricultural areas.  We did not 
include bottomland hardwood forests that surround higher-order streams and broader 
floodplains in this study because they differ in both vegetation and site history of natural and 
human disturbance. 
We identified nine research watersheds as experimental units, three each for urban, 
grazed, and preserved forest land use (Fig. 2).  Urban forests were within the city matrix, 
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grazed forests were within the agricultural matrix, and preserved forests were in both areas.  
In each watershed, the headwater stream is embedded in forest.  We selected all sites 
according to the following criteria: the forest remnants were mature oak-hickory 
communities on uplands and slopes under the designated land uses of urban, grazed, or 
preserved.   There was no harvest or other alteration to the stand for 30 years or more, and 
there was no discernible tile or artificial drainage in the watershed upstream of the stream 
sampling point.  Sites were further limited to those that fit criteria for the three specific land 
use types: grazed sites were under current or recent cattle grazing, urban sites were part of 
the City of Des Moines Parks Department under a common general forest management plan, 
and preserved sites were all state preserves, with known and minimal disturbance histories as 
the best proxy available for natural conditions of these forests.  
Plant and soil sampling 
We visited sites in late winter 2010 to establish a water sampling point on a straight 
reach of stream free of riffles and pools.   To characterize the terrestrial community that 
drains to our sampling point, we used topographic maps to locate three 20 m2 (215.3 ft2) 
vegetation plots upstream of the water sampling point in the headwater watershed (Fig. 2) on 
upland and slope positions (previous work demonstrated the oak-hickory forest type 
dominates both landscape positions).  We surveyed plots once each in spring, summer, and 
fall between 2010 and 2011 to characterize understory vegetation and herbaceous cover, and 
to identify trees and quantify canopy cover.  These mature, perennial communities were not 
expected to vary significantly from year to year during the sampling period. 
We identified a number of metrics that relate to phenology, species habitat affinity, 
and conservatism to calculate the contribution that specific life history traits make to overall 
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plant community quality.  We coded each species according to these species-quality metrics, 
as described in Mabry and Fraterrigo (2009). The classifications of generalist or conservative 
species for the Iowa flora (Iowa State University Ada Hayden Herbarium 2004) were used to 
calculate average Iowa Coefficient of Conservatism for all species present, and the average 
number of conservative herbaceous species in each plot. These metrics quantify habitat 
specialization (for closed-canopy or moist habitat), and in conjunction with nativeness, 
phenology (early-flowering), and habitat conservatism (Mabry et al. 2008) of each species, 
offer a detailed description of the quality of the plant community that can be compared 
among sites.  This more detailed understanding of composition can reveal if certain traits are 
lost or favored as a result of land use change, and thus identify gaps in functional roles, e.g. 
loss of spring-flowering herbs would indicate decreased nutrient capture early in the growing 
season (Mabry et al. 2008).  Data were collected from three plots at each site to account for 
variation in vegetation within sites; we averaged these plots to give a single site mean for 
each metric each season.   
After vegetation surveys were completed we revisited plots to harvest biomass from 
three 0.25 m2 (2.7 ft2) quadrats randomly placed along a diagonal transect in the plot in each 
of three seasons (spring, summer, and fall).  Harvest dates coincided with peak biomass 
production for suites of species that characterize each season.  We identified species present 
and harvested all above- and below-ground herbaceous plant material in each quadrat.  We 
stored harvested plants in a cooler for transport and then rinsed them thoroughly with water, 
separated into roots and stems, and oven-dried at 65 °C (149 °F) for 48 h. We weighed the 
dried samples to estimate biomass and then ground them to pass a 20-mesh sieve using a 
Wiley mill.  We analyzed total plant tissue concentration from each quadrat for total nitrogen 
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(N) according to standard combustion procedures using a Leco TruSpec Macro™.   We 
ashed samples using combustion for phosphorus (P) analysis (Alban 1971).  All plant 
nutrient analyses were conducted at the U.S. Forest Service Northern Research Station, 
Grand Rapids, MN. 
We subsampled at the quadrat level to capture variation within plots, and averaged 
the data to determine a mean measurement of biomass, N, and P per plot; data from plots 
were then averaged to obtain site means (our sampling unit for statistical analysis).   We 
multiplied total plant biomass by the nutrient percentage for N and P, respectively, to 
calculate plant nutrient content.  In this paper, we present combined above- and below-
ground nutrient content after converting to kg ha-1.  Plant community and content variables 
presented at the site-level for the nine watersheds allow for comparison with stream water 
data. 
During harvest (each season) we also collected soil core samples in the center of each 
vegetation plot. We cold-stored the soil and then oven-dried it at 65 °C (149 °F) for 48 h to 
prevent loss of N at higher temperatures (Mahaney et al. 2008).  We weighed soil before and 
after drying and divided the dry weight by the volume of the core to determine soil bulk 
density.   Soil N was determined by combustion using the Leco TruSpec Macro™ and soil P 
was determined according to the Bray and Kurtz P-1 method (Bray and Kurtz 1945) at the 
U.S. Forest Service Northern Research Station, Grand Rapids, MN. 
Stream sampling 
We assessed streams bi-weekly from April 16, 2010 through October 26, 2010 and 
from March 21, 2011 through October 16, 2011.  We conducted in-stream measurements 
using a portable Hach HQ40d™ meter to determine pH, dissolved oxygen, conductivity, and 
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temperature, and an Oakton Model T-100™ meter to measure turbidity.  We conducted 
stream gauging by recording channel width, depth, and flow rates with a Swoffer 2100™ 
current velocity meter or FLO-MATE 2000 Water Current and Flowmeter™ at each 
sampling event to calculate discharge.  Methods for measuring flow followed Rantz (1982).  
Because streams varied in width throughout the year, we divided them into one to six 
equally-spaced segments during each sampling event and computed discharge based on the 
sum of areas for each segment multiplied by flow rate. 
We collected in-stream grab samples during each sampling event to measure 
sediment, nitrate (NO3-N), total nitrogen (TN), and total phosphorus (TP).  We stored 
samples in a cooler and processed them in the Riparian Management System laboratory in 
the Department of Natural Resource Ecology and Management, Iowa State University, 
Ames, Iowa.   Total suspended sediment was determined by filtration (Eaton et al. 2005).  
Sample processing and spectrophotometric analysis for NO3-N followed Crumpton et al. 
(1992).  Persulfate digestion of water samples for TN and TP analysis was performed using 
the method described by Gross and Boyd (1998).   
We analyzed and report water sample nutrient concentrations.  We also present 
nutrient delivery, calculated by multiplying concentration by stream discharge (L day-1) and 
divided by the upstream watershed area (ha).  Stream water data were collected over two 
years and combined to calculate seasonal means that corresponded with vegetation nutrient 
sampling dates.   
Data analysis   
To compare vegetative communities, plant nutrient content, and stream water 
variables, each watershed was considered an independent sampling unit.  Plant variables 
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were subsampled and averaged across space, while stream water subsamples were averaged 
across time (to account for the variability of plant communities and nutrient content 
throughout a watershed, and the variability of water metrics from week to week).  Although 
statistically conservative, the means used to compare watersheds are robust and 
representative of average conditions.  The result was a series of “snapshots” of each 
watershed for spring, summer, and fall.  
We analyzed plant community data using Analysis of Variance (ANOVA) with land 
use type as the predictor variable and total species richness, number of non-native species, 
average coefficient of conservatism, number of early-flowering species, number of habitat 
specialists for moist or closed-canopy sites, or number of conservative species as the 
response variables.  All analyses were done with JMP Version 9 software (SAS Institute Inc., 
Cary, North Carolina). 
To explore trends in the plant and water nutrient data, we initially conducted principal 
component analyses (PCA).  Variables in the nitrogen PCA were land use type, plant N 
content, soil %N, total watershed area, water TN concentration, % forest cover of watershed, 
total number of species, and total cover of herbaceous plants.  Variables in the phosphorus 
PCA were similar, but with P parameters instead of N.  The PCA results (not presented) 
indicated that watershed size was a dominant variable influencing the distribution of sites in 
ordination space for N, so watershed size was included as a covariate in subsequent analyses.  
Watershed size was less important for P, but we chose to use comparable analytical models.  
Other environmental variables such as slope, aspect, litter depth, and canopy cover were not 
included in analyses because they had no effect. 
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Data exhibited a normal distribution, except when the standard deviation exceeded 
the mean (for discharge and TP delivery for preserved sites in spring, and TP delivery for 
grazed sites in fall).  Variances were equal (according to the Levene test for normally- 
distributed data and the Brown-Forsythe test for non-normal data) with the following 
exceptions: water TN concentration in spring and across seasons, TN delivery in fall, and TP 
delivery in fall and across seasons.  We did not transform data because the effect was 
minimal with our small sample size.  We set our accepted p-value as 0.1. 
We used an Analysis of Covariance (ANCOVA) to control for the variation caused by 
watershed size and to allow examination of the effects of land use type; both were fixed 
effects.   Response variables included plant biomass (kg ha-1), plant N content (kg ha-1),  
plant P content (kg ha-1), soil % N, water NO3-N concentration (mg L-1), water TN 
concentration (mg L-1), water TN delivery (kg ha-1day-1), soil P (mg kg-1), water TP 
concentration (µg L-1), water TP delivery (kg ha-1day-1), and sediment, (mg L-1). 
We used a second ANCOVA model to examine the link between understory plant 
characteristics and stream water parameters.  We used the model described above, then added 
plant nutrient content as a predictor of water nutrient levels. The percent improvement in the 
r-squared value reflects the influence of this additional predictor variable on each response 
variable; if this model improves by adding plant nutrients, it suggests a more direct link 
between plant and water nutrients.  By subtracting the effects (the r-squared value) of the 
original model from this, we isolated the effects of plant nutrients on stream water nutrients.  
Finally, we examined the slope of the regression line for each of the components of the 
analytical model to determine if results support our hypothesis that nutrients stored in plant 
matter are held and not lost to streams.  If our hypothesis is supported, we would expect a 
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negative association, i.e. water nutrient concentrations and delivery decrease linearly as plant 
nutrient increases.   
Results and Discussion 
Vegetative community  
Although overstory composition was similar (oak-hickory) for all sites, we detected 
differences in understory communities between land use types. Land use types did not differ 
in total plant species richness or in richness of herbaceous plants, however, a greater 
proportion of plants in grazed and urban sites were non-native species (Table 1).  Urban sites 
had more woody non-native species such as privet (Ligustrum vulgare L.), burning bush 
(Euonymus alatus (Thunb.) Siebold), and winter creeper (Euonymus fortunei (Turcz.) Hand.-
Maz.) while grazed sites had more herbaceous non-native species such as orchard grass 
(Dactylis glomerata L.), timothy (Phleum pratense L.), and clover (Melilotus alba (L.) Lam.; 
Trifolium spp. L.).  These species likely reflect invasion by aggressive landscape plants in 
urban areas and seed introduction by cattle in grazed areas.   
The species in grazed and urban forests also had lower average coefficients of 
conservatism compared to preserved forests (Table 1).  This metric indicates that there were 
more weedy species in disturbed forest types, versus more conservative plants in preserved 
sites. Conversely, plant communities in preserved sites were characterized by more 
herbaceous species that are habitat specialists for closed-canopy sites and for moist sites.  
Grazed and urban sites did not differ from each other for these metrics.  Based on these 
metrics of community composition (Table 1), generally preserved sites had more consistent 
community composition (lower standard deviation for each metric), while grazed sites were 
characterized by greater variability in herbaceous community characteristics.  This difference 
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between sites in standard deviation indicates that the impact of grazing is highly site-
dependent.  Further, only one site was being actively grazed during our study, indicating that 
the practice can have legacy effects on the vegetation (Mabry 2002; Brown and Boutin 
2009). 
Taken together, these results show that preserved sites had higher floristic quality, as 
measured by four independent metrics, and more homogeneity within this land use type, as 
evidenced by low variability among sites.  In particular, specialist and conservative species 
had patchier distributions in grazed sites, with more site-to-site variation.  This indicates that 
land use change does not create a consistent response in forest understory vegetation, and 
other factors may affect the susceptibility or resiliency of a site.  Our results corroborate what 
others have found related to human disturbance, that weedier and non-native species may be 
better adapted to colonize disturbed sites (McIntyre and Lavorel 1994; Brown and Boutin 
2009) because seeds are often wind or animal dispersed (McLachlan and Bazely 2001) 
compared to gravity- or ant-dispersed native herbaceous seeds (Bierzychudek 1982), and that 
species may be lost gradually over time (Foster 1992).  In addition, recovery of herbaceous 
layer composition after human disturbance may be slow (Flinn and Vellend 2005), due to the 
limited dispersal of many native forest perennials (Bierzychudek 1982).  On the whole, 
community resistance and resilience to disturbance is related to both the severity of the 
disturbance and time (Belote et al. 2012).   
Plant and soil nutrient content 
Plant biomass of combined above- and below-ground tissue was higher in preserved 
sites (marginally significant at p=0.105; Table 2).  This translated into an average of 55% 
more plant N content and 46% more plant P content in herbaceous biomass in preserved sites 
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compared to other land use types.  In general, urban sites had a trend for lower plant N 
content in herbaceous biomass for each season (Fig. 3).  Preserved sites consistently 
averaged 30% or more P content than other sites in each season (data not presented).   
Soil N was highest in grazed sites (Table 2), indicating that high plant N content on 
preserved sites was not linked to differences in soil fertility.  This overall pattern held for 
summer and fall, but no differences were detected in spring.  This could be due to the effect 
of animal grazing activity.  Soil P was highest in urban sites, but there was no difference 
between preserved and grazed sites.  This was the pattern for spring and summer, but sites 
did not differ in soil P in the fall.  In simple regressions, soil P was predictive of plant P (r2 = 
0.124; p=0.0712) but not water P (concentration or delivery).   
While grazed and urban sites contained some individuals of herbaceous species that 
accumulate large amounts of biomass (particularly in the spring), the overall contribution of 
these plants to the nutrient storage capacity of the forest community was lower since they had 
35% less biomass than communities in preserved sites (Table 2).   Thus, total number of 
species may not be as good an indicator of seasonal nutrient uptake capacity as biomass.  It is 
important to note that preserved sites had higher plant N content overall (Table 2) and that 
pattern was consistent across all seasons (Fig. 3).   
Our previous work on a smaller number of sites also revealed patterns of higher 
average plant N content in herbaceous plants in spring (34.9 kg ha-1or 31.2 lb ac-1) and 
summer in preserved sites (24.2 kg ha-1or 21.6 lb ac-1) than disturbed sites in spring (12.2 kg 
ha-1 or 10.9 lb ac-1) and summer (13.8 kg ha-1 or 12.3 lb ac-1; Mabry et al. 2008).  Plant 
phosphorus content also followed a similar pattern in our previous study, nearly twice as high 
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on average in preserved (3.75 kg ha-1 or 3.35 lb ac-1) versus disturbed (1.80 kg ha-1 or 1.61lb 
ac-1) forest sites (Mabry et al. 2008).   
Plant nutrient content is largely driven by the amount of biomass present.  In a similar 
oak-hickory understory in Illinois, nutrient content of spring herbs were 10.6 kg ha-1 (9.5 lb 
ac-1) for N and 1.6 kg ha-1 (1.4 lb ac-1) for P, and for summer herbs were 6.3 kg ha-1 (5.6 lb ac-
1) for N and 0.8 kg ha-1 (0.7 lb ac-1)  for P (Peterson and Rolfe 1982).  In comparison, our 
nutrient values were higher, with an average of 16.6 kg ha-1 (14.8 lb ac-1) for N and 2.2 kg ha-
1 (2.0 lb ac-1) for P in spring, and 12.0 kg ha-1 (10.7 lb ac-1) for N and 2.4 kg ha-1 (2.1 lb ac-1) 
for P in summer across land use types.  This suggests that the forested areas we studied 
generally have higher nutrient levels than similar systems reported in the literature. In our 
study, fall N values were 11.9 kg ha-1 (10.6 lb ac-1) and fall P values were 1.8 kg ha-1(1.6 lb 
ac-1). These values are within the range of, and occasionally exceed, summer nutrient 
contents (Fig. 3).  This is novel information; in our search of the literature we did not find 
reports that included nutrient data for late-season plant communities. Nutrient capture by the 
herbaceous layer after tree leaf-drop in the fall may be critical for retention of N and P in 
these systems. This is especially evident in preserved sites with an intact herbaceous 
community, where fall retention is of equal or greater importance than in summer. 
Stream water nutrient content  
Overall, urban sites had the highest stream NO3-N and TN concentration (mg L-1; 
Table 2).  Total N varied somewhat seasonally, particularly for grazed sites (Fig 4A). Urban 
sites also had the highest TN delivery (kg ha-1day-1; Table 2) and showed that pattern for 
each season (Fig. 4B).  In contrast, there were no consistent differences between grazed and 
preserved sites for TN concentration or delivery (Table 2).  Watershed area was related to TN 
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concentration (p= 0.0043) and TN delivery (p=0.0989), but this did not overshadow strong 
land use effects for these nutrient measures. 
Although there were no differences in stream TP concentrations among land use 
types, urban streams had the highest TP delivery.   Sediment concentrations did not differ 
among land use types (Table 2).   In contrast with TN, watershed area did not influence TP 
concentration or delivery.  Across land use types, TP fluctuated seasonally.  TP concentration 
was lower in spring (104 µg L-1or ppb) than in summer (227 µg L-1or ppb) and fall (238 µg 
L-1or ppb), but TP delivery was higher in summer (0.005 kg ha-1 day-1or 0.004 lb ac-1 day-1) 
than in fall or spring (0.002 kg ha-1 day-1 or 0.002 lb ac-1 day-1).  Using soil P in the 
ANCOVA instead of watershed size improves the predictability of the model somewhat but 
not consistently, and did not result in any changes to the patterns we found. 
Our results for overall average TN concentration in stream water for all land use types 
were below the EPA reference condition for this ecoregion (Table 3, US EPA 2002), 
although concentrations occasionally exceeded this level during individual seasons (Fig. 4A).  
Concentrations of TP in streams greatly exceeded the EPA reference conditions (Table 3).  It 
should be noted that headwater streams, especially those in forested watersheds may differ 
from the rivers and streams sampled for development of these criteria because of different in-
stream nutrient processing (Ice and Binkley 2003).  According to baseline levels established 
for undeveloped watersheds across the country, concentrations and yields of N and P were 
highest in parts of the Midwest (Clark et al. 2000).  Furthermore, Clark et al. (2000) showed 
that total nutrients in undeveloped basins rarely exceeded 1 mg L-1 (ppm) for TN and 100 µg 
L-1, (ppb) for TP respectively, but that there were a significant portion of impaired streams in 
basins influenced by urbanization and agriculture.  Annual means we measured for all land 
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use types, including preserves where the entire watershed is undisturbed forest, exceeded 
these baselines by 60-100%.  This may be because all of the watersheds included in our study 
are embedded in a matrix of very intensive human land use with significant additions of N 
and P at a landscape scale and over a long period of time.  
Studies in other regions have also compared agricultural watersheds (pasture, 
cropping, and nursery production) with urban sites (Table 3).  In some studies, urban areas 
had lower stream NO3-N concentrations than in agricultural areas (Coulter et al. 2004; 
Sonoda et al. 2001) or were between the extremes of intensive agriculture and intact 
reference sites (Shields et al. 2008).  Our study shows urban areas had the highest in TN 
concentrations.  One explanation for the variability among studies is the obvious differences 
in type and intensity of agricultural land use and urban development.  Baltimore, MD 
(Shields et al. 2008), Lexington, KY (Coulter et al. 2004), and Portland, OR (Sonoda et al. 
2001) are larger, more heavily urbanized cities than Des Moines, and the agricultural land 
uses in those studies were more intensive than the cattle grazing in our study.  Other factors, 
such as background levels of nutrients may be more strongly influenced by natural factors in 
undeveloped watersheds (e.g. decomposition rates, local N deposition rates) rather than 
anthropogenic inputs (Clark et al. 2000), leading to variability among different study regions. 
We did not find consistent patterns across site types for TP in streams.   The reason may be 
that controls on TP retention and transport can be difficult to tease apart.  Contrary to our 
findings, watershed size was related to TP concentration in Kansas (Banner et al. 2009).  TP 
has been shown to correlate with suspended solids in some cases (Wall et al. 1996) and not in 
others (Coulter et al. 2004).  In a comparison of agricultural, urban, and mixed land use 
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watersheds in Kentucky, researchers did not detect differences in TP among the watersheds 
(Coulter et al. 2004).   
Other studies have found that TP concentrations in streams were higher in urban areas 
and linked to additional factors.  In Oregon, urban land use was linked to higher P input to 
the stream (Sonoda et al. 2001), and soil chemistry influenced P levels in stream water.  
These researchers determined that P-saturated soil could not adsorb additional P and it was 
lost to the stream (Sonoda and Yeakley 2007).  In addition to the importance of the source 
area on P transport to the stream, seasonal fluctuations in flow may mean that P 
concentrations may lag behind other watershed characteristics because sediment-bound P is 
deposited and re-suspended repeatedly over time (Medalie et al. 2012).  Further differences 
between our findings and those of other studies (Table 3) may reflect differential nutrient 
inputs or land use pressure.   
Understory plant and stream water linkages 
In general, the comparison between preserved sites and urban sites suggests a 
tendency that when nutrient levels were high in plants, those nutrients were low in stream 
water, and vice versa (Fig. 3, 4A).  However, our hypothesis that we could identify a direct 
link between plant nutrient content and stream water nutrient loads did not hold across all 
land use types and seasons.   
There was a weak but negative association between plant N and stream water TN 
concentration and delivery overall (Table 4).  In summer, 27% more of the variation of TN 
concentration and in fall 11% of TN delivery was explained by plant N content, suggesting a 
seasonally important link. In contrast, TN delivery in spring was positively associated with 
plant nutrient content; there was more N in plants, but there were also high levels of N in 
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streamwater.  One reason may be that when the system is saturated with nutrients, the ability 
of plants to absorb additional nitrogen reaches capacity and excess nitrogen may be lost from 
the system.  Similarly, timing of nitrogen inputs may not be concurrent with timing of 
biomass demands (Sprague et al. 2011) or there may be a time lag in transport or detection of 
nutrients lost during periods of very low flow because of settling (Medalie et al. 2012).   
Phosphorus shows largely positive associations for water concentration and delivery; 
when plant P was high, water P was high.  This did not follow the patterns we expected to 
see for forest herbaceous plant- stream water relationships, but supports the hypothesis that P 
is lost to streams when soils (and plants) are saturated (Sonoda and Yeakley 2007).  Few 
studies have been able to make clear linkages for phosphorus with vegetation (Siccama et al. 
1970) and land use because soil chemistry (Clark et al. 2000; Sonoda and Yeakley 2007), 
discharge (Banner et al. 2009), groundwater, and seasonality (Sonoda and Yeakley 2007) 
may all interact. 
Several ecosystem studies have developed budgets for nutrient pools and fluxes, (e.g. 
Hubbard Brook Experimental Forest, Baltimore Ecosystem Study) but none have tested the 
functional role of biomass in relation to water quality.  A clear relationship between plant 
communities and stream metrics for each land use type, preserved, grazed, and urban, in our 
study was not discernible.  In general, we observed a trend for higher nitrogen storage rates 
in herbs concurrent with lower stream nutrient concentrations and delivery.  The reverse was 
also true: when more nitrogen was in stream water, less was stored in herbaceous biomass.  
In contrast, there was increased phosphorus in streams when there was more of the nutrient in 
the system.  This may be a result of groundwater conditions (Sonoda et al. 2007), which we 
did not measure, or a number of other system inputs.  Precipitation fluctuations impacting 
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stream flow and a potential threshold at which system response changes may also be factors 
influencing the trends we see (Banner et al. 2009).  This is the case in the urban streams that 
may have less watershed-level infiltration and experience a greater proportion of their 
nutrient export during high-flow events in comparison to preserved sites (Shields et al. 2008). 
While intact ecosystems are often resilient to naturally occurring fluctuations in 
nutrient inputs, anthropogenic inputs of N and P may be more than the system can process.  
For instance, in light-limited understory conditions, shaded herbaceous plants have low 
nutrient saturation points (Anderson and Eickmeier 1998), and are therefore limited in their 
ability to absorb excess nutrients.  Furthermore, even though intact sites in our study are 
characterized by early spring-growing species, fall application of fertilizers in the 
surrounding agricultural landscape is “out of sync” with peak biomass growth (Sprague et al. 
2011) and the functional capacity of vegetation to capture N and P.  Thus natural limitations 
of the system as well as human alterations may explain why we did not find a close coupling 
of plant and stream water nutrients.   
Summary and Conclusions 
This study confirms the link between land use, plant community composition, and 
plant nutrient content across a large number of sites, including urban forests.  Sites with more 
intensive human land use have been associated with fewer herbaceous perennials, suggesting 
lower nutrient storage and cycling function.  The forest herbaceous community plays a vital 
role in the complex relationships of a functional ecosystem, but its sensitivity to human land 
use has important implications for hydrologic and nutrient cycling. 
While we were able to detect clear land use effects for a number of plant community 
metrics, plant nutrient content characteristics, and 3 of 4 stream-water nutrient metrics, not 
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all metrics followed expected patterns.  We were not able to fully explain storage and 
movement of phosphorus in these systems; nor were we able to identify a specific link 
between herbaceous plant communities and stream water nutrient export.  We theorize this 
may be due to nutrient over-enrichment at the landscape scale, especially with respect to 
phosphorus. 
Preserved sites were associated with lower stream water nutrient content overall, 
grazed sites were variable, and urban sites were associated with higher overall stream water 
nutrient levels.  The contrast between preserved and urban sites in terms of vegetation and 
water quality points to urban areas as an ideal setting for targeted conservation and 
restoration of native understory plants in areas degraded by intense land use.  Increasing 
understory biomass in depauperate systems could lead to increased storage of nutrients such 
as nitrogen, and prevent their loss to stream water.   
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Figures 
 
 
 
Figure 1.  Location of study area and sampling sites. 
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Figure 2.  Location of vegetation plots (circles) in relation to water sampling point (triangle) 
for one of our research watersheds. Example watershed in grazed land use with predominant 
forest (green) cover. 
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Figure 3.   Average herbaceous plant total nitrogen (kg ha-1) content for each land use type 
across all seasons.  Error bars represent 95% confidence interval.  
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Figure 4. A) Average stream water total nitrogen (mg L-1) concentration for each land use 
type across all seasons.  Dashed line represents EPA criteria for water quality in rivers and 
streams of 2.18 mg L-1.  Error bars represent 95% confidence interval. 
 
 
 
 
Figure 4. B) Average stream water total nitrogen (kg ha-1 day-1) delivery for each land use 
type across all seasons.  Error bars represent 95% confidence interval. 
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Tables 
Table 1. Average number of species surveyed in plots in each of three land use types, urban, 
grazed, and preserved forests.   
  Urban Grazed Preserved Prob>F 
  Mean * sd Mean 
 
sd Mean 
 
sd   
Total species 73 a 5.8 75 a 20.4 72 a 6.9 0.8609 
Non-native species 8 a 1.7 7 a 6.9 3 b 1.0 0.0412 
Woody non-native 
species 5 a 1.6 2 b 1.3 2 b 0.8 <0.0001 
Average Iowa Coefficient     
of Conservatism 4.06 a 0.44 3.87 a 0.15 4.37 b 0.16 0.0036 
Herbaceous species only 49 a 7.0 56 a 19.2 54 a 6.2 0.4913 
Non-native herbs 2 ab 1.2 5 a 5.9 1 b 0.3 0.0383 
Early-flowering herbs 18 a 3.5 20 a 6.1 22 a 2.4 0.1944 
Closed-canopy specialist 
herbs 24 a 5.2 22 a 4.8 30 b 3.7 0.0041 
Moist habitat specialist 
herbs 25 a 5.9 28 ab 7.6 33 b 4.2 0.0312 
Conservative herbaceous 
species 8 a 3.2 8 a 1.9 11 b 1.7 0.0269 
* Means with the same italicized letter in a given row do not differ. 
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Table 4.  R-squared values of the ANCOVA with and without plant nutrient content included 
in the model.  Percent improvement of the model is indicated, with negative associations 
indicated with (-) and positive associations indicated with (+). 
 
ANCOVA model Land use type, watershed 
Land use type, watershed, 
plant nutrient content 
TN mg L-1 r-squared r-squared 
% 
improvement  
spring 0.947 0.947 0 
summer 0.587 0.800 -26.6 
fall 0.766 0.773 +0.8 
overall 0.347 0.351 -1.2 
TN delivery 
  
  
spring 0.420 0.675 +37.8 
summer 0.556 0.582 -4.4 
fall 0.465 0.522 -10.9 
overall 0.285 0.286 -0.4 
TP ppb 
  
  
spring 0.571 0.784 +27.2 
summer 0.137 0.177 +22.8 
fall 0.187 0.501 +62.7 
overall 0.035 0.077 +54.7 
TP delivery 
  
  
spring 0.205 0.389 +47.3 
summer 0.453 0.492 +7.9 
fall 0.410 0.497 -17.5 
overall 0.237 0.262 +9.8 
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CHAPTER 4: RESTORING NUTRIENT CAPTURE IN FOREST HERBACEOUS 
LAYERS OF THE MIDWEST (IOWA)  
 
Modified from a paper published in Ecological Restoration 
 
M.E. Gerken, J.R. Thompson, and C.M. Mabry 
 
Much of the natural land cover in the American Midwest has been altered to support 
intensive agricultural production. One unintended consequence has been excessive nutrient 
and sediment pollution of waterways (Mitsch et al. 2001). Many remnant natural forests are 
located between fields and waterways, and restored riparian forest “buffers” have also been 
added in these landscape positions. These forest remnants and constructed buffers are ideally 
located to help decrease sediment and nutrient pollution to streams and rivers (e.g., Lee et al. 
2003). 
However, agriculture (primarily cattle grazing) and other human activities in many 
remnant riparian forests in the region have led to a dramatic decrease in native herbaceous 
layer diversity. Although such sites typically can support such vegetation, many native 
herbaceous perennials are sensitive to grazing, and limited dispersal capacity makes their 
recovery slow after disturbance. In particular, shade-tolerant spring-growing perennials are 
often rare or absent in disturbed remnant forests (Mabry 2002), and many newly constructed 
forested buffers do not include a perennial herbaceous component. These early-growing 
perennial plants are functionally important in capturing and storing nutrients at a time of high 
potential loss when woody plants are still dormant (Muller and Bormann 1976, Blank et al. 
1980). Individual species, such as spring beauty (Claytonia virginica) and trout lily 
76 
 
  
(Erythronium americanum), have a high capacity for nutrient storage (Anderson and 
Eickmeier 2000, Muller and Bormann 1976), as have more diverse groups of spring herbs 
(Blank et al. 1980, Peterson and Rolfe 1982). Thus through conversion of forest to 
agricultural land and degradation of remnants, the capacity of forests in the Midwest to 
function in nutrient interception has been diminished. 
In a recent study, we compared plant species composition and nutrient capture 
between high-quality, preserved forest remnants (hereafter referred to as intact forests) and 
forests that had experienced grazing (disturbed forests) (Mabry et al. 2008). These central 
hardwood forests did not differ in terms of soil nutrients, and neither the intact nor disturbed 
sites had been heavily invaded by non-native perennials or shrubs. We found that the intact 
forests displayed higher levels of nitrogen and phosphorus capture in spring than disturbed 
forests. We could attribute these differences to greater biomass production of spring-growing 
native perennials in the intact herbaceous plant communities, characterized by species such 
as Virginia waterleaf (Hydrophyllum virginianum), spring beauty, trout lily, and wild ginger 
(Asarum canadense) (Mabry et al. 2008).  
One implication of our previous research is that restoring herbaceous species to 
forests may enhance nutrient capture and storage. In this study, a follow-up to our previous 
work, we seek to identify a set of key spring-growing herbaceous species to restore to 
degraded forests or recently constructed riparian forest buffer areas to improve nutrient 
retention. We chose four spring-growing species—wild ginger, Virginia waterleaf, Virginia 
bluebells (Mertensia virginica), and bristly buttercup (Ranunculus hispidus)—that often 
grow in intact forests but are usually rare or absent in disturbed forests. We also based our 
choice on the capacity of these species for high biomass production and great potential for 
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vegetative spread, and the feasibility for restoration either by seed or transplant. The 
objective of this study was to assess the capacity for nutrient capture by these individual 
spring-growing species. We predicted that these species, alone or in combination, could 
equal or exceed the nutrient retention capacity we have previously documented for the spring 
herbaceous community of a set of intact forests (Mabry et al. 2008).  
To facilitate comparison between the current study of key species and our earlier 
study of intact forests, we followed identical field, sampling, and analysis protocols. In our 
earlier study, we excavated plant material from 0.25 m2 quadrats in intact and disturbed 
forests in central Iowa (Mabry et al. 2008). We randomly selected a subset of nine of these 
for use in the comparison, eliminating a restored woodland (this site was a “superperformer” 
in terms of nutrient capture and not typical of native woodlands). We then identified three 
sites in central Iowa where our selected key species were present in large, dense colonies, 
and harvested three 0.25 m2 quadrats per site for a total of nine quadrats per species. Owing 
to the patchy growth habit of these species, we located harvest quadrats nonrandomly in 
areas where each species was dominant. We harvested during peak spring growth in late 
April to mid-May. We computed summary statistics (means, standard errors, and 95% 
confidence intervals) using JMP (vers. 7.1, SAS Institute, Cary NC). 
We found high levels of biomass both above- and belowground for each of the four 
species, ranging from 10 to 21 g per 0.25 m2 aboveground and from nearly 6 to 34 g per 0.25 
m2 belowground (Table 1). Bristly buttercup, which has smaller leaves and a sparser growing 
habit, produced the least and wild ginger the most aboveground biomass. Each species 
occurring alone produced aboveground biomass quantities that were similar to or exceeded 
the diverse intact understory plots and were from three to seven times higher than the 
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disturbed understory plots. Belowground biomass production for three of the selected species 
(the exception again was bristly buttercup) also was similar to or exceeded the intact plots 
and ranged from about three to eight times that of disturbed understory plots. Total biomass 
for all of the individual species plots followed a similar pattern (Table 1). At a landscape 
scale, these biomass differences translated into at least 500 kg/ha more production for wild 
ginger, Virginia waterleaf, and Virginia bluebells compared to intact understory plots and at 
least 1,200 kg/ha more production compared to disturbed plots (Figure 1a).  
Similarly, at the landscape scale, our estimates for total nitrogen capture (kg/ha) are 
greater for each of the individual species than for the disturbed understory plots and 
comparable to that of intact understory plots (Figure 1b). Our results corroborate earlier 
findings that nitrogen capture is largely driven by biomass production (Mabry et al. 2008), 
even though we detected some variation in the percent nitrogen in the plant tissue (Table 1). 
Our earlier study suggested that leaf-tissue nutrient concentrations were not an important 
component of nutrient retention. However, the current study suggests that this may not hold 
for all species, because even though bristly buttercup produced less biomass than other 
species we examined, relatively high tissue nitrogen concentrations suggest greater potential 
for nitrogen capture than indicated by biomass alone.  
Total average biomass produced on individual species plots in this study are higher 
than previous studies have shown for other spring herbs such as spring beauty (Eickmeier 
and Schussler 1993), cut-leaf toothwort (Cardamine concatenata), and squirrel corn 
(Dicentra canadensis) (Blank et al. 1980). This is not surprising, as we purposefully selected 
species that we expected to produce more biomass than typical spring herbs and that could be 
targeted for restoration of nutrient-storage function. Our results demonstrate that certain 
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functionally important species can equal or exceed the capacity of an intact, diverse 
herbaceous layer for biomass production and nutrient capture. In particular, restoration or 
addition of these key species (wild ginger, Virginia waterleaf, Virginia bluebells, and bristly 
buttercup) to degraded or newly constructed riparian hardwood forests of the Midwest could 
increase nutrient storage during spring, a critical time for potential nutrient loss. We could 
maximize nutrient capture for one of our most troublesome pollutants, nitrogen, by 
maximizing biomass production in spring and potentially see added benefits from plants that 
persist into the growing season, for example, Virginia waterleaf and wild ginger. 
Many forest species, particularly spring-growing species, are difficult to restore 
because they have one or more of the following characteristics: large seeds with low seed 
production, seeds that do not tolerate dry storage, exacting germination requirements, or slow 
growth (e.g., Mottl et al. 2006). However, many typical woodland perennials, such as wild 
ginger and Virginia waterleaf, can be successfully transplanted and, once present, spread 
relatively rapidly to form dense colonies (Mottl et al. 2006). Next steps in this research 
should include identification of methods for seed and nursery propagation that result in 
sufficient quantities of plant material to allow landscape-scale restoration at a feasible cost.  
While structural and biological diversity of native forests, including the herbaceous 
layer, should be the ultimate goal of most restoration efforts, from a practical standpoint it is 
also important to identify cost-effective methods for restoring function, if only in critical 
areas. Based on our results, addition of a limited number of species with good establishment 
potential and high functional capacity shows great potential as one tool to mitigate nutrient 
impacts in highly modified landscapes. This is especially important in the upper Midwest 
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where the negative impacts of agricultural intensification on water quality are particularly 
severe.  
Acknowledgments 
We thank A. Puderbaugh, C. Herringshaw, D. Anderson, and R. Burch for assistance 
with sample collection and processing, and J. Thompson, D. Biechler, S. Brunsheen, D. 
Farrar, K. Shawgo, J. Pearson, and S. Lekwa for identification of and permission to use 
sample sites. Support for this project was provided by the Leopold Center for Sustainable 
Agriculture, the Pioneer Foundation, and McIntire-Stennis funds. 
 
 
References Cited 
Anderson, W.B. and W.G. Eickmeier. 2000. Nutrient resorption in Claytonia virginica L.: 
Implications for deciduous forest nutrient cycling. Canadian Journal of Botany 
78:832-839. 
Blank, J.L., R.K. Olson and P.M. Vitousek. 1980. Nutrient uptake by a diverse spring 
ephemeral community. Oecologia 47:96-98. 
Eickmeier, W.G. and E.E. Schussler. 1993. Responses of the spring ephemeral Claytonia 
virginica L. to light and nutrient manipulations and implications for the “vernal dam” 
hypothesis. Bulletin of the Torrey Botanical Club 120:157-165. 
Lee, K.H., T.M. Isenhart and R.C. Schultz. 2003. Sediment and nutrient removal in an 
established multi-species riparian buffer. Journal of Soil and Water Conservation 
58:1-8.  
Mabry, C.M. 2002. Effects of cattle grazing on woodlands in central Iowa. Journal of the 
Iowa Academy of Science 109:53-60. 
Mabry, C.M., M.E. Gerken and J.R. Thompson. 2008. Seasonal storage of nutrients by 
perennial herbaceous species in undisturbed and disturbed deciduous hardwood 
forests. Applied Vegetation Science 11:37-44. 
Mitsch, W.J., J.W. Day Jr., J.W. Gilliam, P.M. Groffman, D.L. Hey et al. 2001. Reducing 
nitrogen loading to the Gulf of Mexico from the Mississippi River Basin: Strategies 
to counter a persistent ecological problem. Bioscience 51:373-388. 
81 
 
  
Mottl, L.M., C.M. Mabry and D.R. Farrar. 2006. Seven-year survival of perennial herbaceous 
transplants in temperate woodland restoration. Restoration Ecology 14:330-338. 
Muller, R.N. and F.H. Bormann. 1976. Role of Erythronium americanum Ker. in energy flow 
and nutrient dynamics of a northern hardwood forest ecosystem. Science 193:1126-
1128. 
Peterson, D.L. and G.L. Rolfe. 1982. Nutrient dynamics of herbaceous vegetation in upland 
and floodplain forest communities. American Midland Naturalist 107:325-339. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
82 
 
  
Figure 
 
 
Figure 1. Comparison of individual native perennial herbaceous species and understory plant 
communities in intact and disturbed riparian forest in central Iowa, USA: a) mean (± 95% CI) 
biomass; and b) mean (± 95% CI) tissue nitrogen content (n = 9). Estimates include above- 
and belowground plant parts. Understory community data are from Mabry et al. 2008.  
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Table 
Table 1. Mean biomass and tissue nitrogen content for single species and understory 
community plots at harvest sites in central Iowa, USA.  Understory community data (shaded 
rows) are from Mabry et al. 2008.  
 
 Biomass (g per 0.25 m2)  % N content 
Species Aboveground Belowground Total  Aboveground Belowground 
Wild ginger (Asarum 
canadense) 21.08 17.51 38.59  3.36 1.74 
Virginia waterleaf 
(Hydrophyllum 
virginianum) 
12.90 34.07 46.97  2.66 1.32 
Virginia bluebells 
(Mertensia 
virginica) 
16.95 32.70 49.65  3.27 0.90 
Bristly buttercup 
(Ranunculus 
hispidus) 
10.36 5.77 16.13  2.79 1.60 
Intact understory 11.39 13.61 25.00  3.52 1.99 
Disturbed 
understory 3.21 4.83 8.04  3.34 2.01 
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CHAPTER 5: TARGETED RESTORATION OF HERBACOUS WOODLAND 
PLANTS: PERSISTENCE, GROWTH, AND REPRODUCTIVE SUCCESS OF 
LOCAL AND NON-LOCAL PROPAGULES  
 
Modified from a paper submitted to Ecological Restoration 
 
M. Gerken, R. Manatt, C. Mabry, J. Thompson, and R. Kolka 
 
Abstract 
Restoring ecological function in remnant forests throughout the Midwest (U.S.) has 
potential as one of several strategies to improve surface water quality, which is seriously 
compromised in this region. Research indicates nutrient capture can be enhanced by 
herbaceous understory plants in these systems, but many forest restoration projects do not 
include them. We conducted greenhouse and field experiments to examine persistence, 
growth, and reproduction of three herbaceous perennials (wild ginger, Asarum canadense; 
Virginia waterleaf, Hydrophyllum virginianum; and James’ sedge, Carex jamesii) that could 
be used for herbaceous layer restoration. The greenhouse experiment was conducted to 
identify differences between local plants and non-local plants purchased from commercial 
nurseries. The field study was conducted to monitor persistence, growth, and reproduction 
for non-local stock planted at high and low densities and compared to locally-occurring 
individuals over a two-year period. In the greenhouse, growth and reproductive measures for 
non-local plants were equal to or greater than those of local plants. Conversely, in the field, 
local plants had equal or greater vegetative growth and reproduction than non-local plants, 
although non-local plants persisted for two years at both planting densities. We observed 
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differences in growth between local and non-local plants, and suggest that although non-local 
plants could be used at relatively low densities in strategic locations to improve nutrient 
capture in remnant forests, locally-sourced plant materials should be used when they are 
available.    
Key words: common garden, hardwood forests, local genotype, reintroduction, 
transplantation 
Introduction 
The Midwest Cornbelt region of the U.S. has undergone extensive land use change 
including agricultural and urban intensification, which has accelerated in recent decades. As 
greater land use pressure and diminishing area of intact ecosystems become the norm (Secchi 
et al. 2008), maximizing function in remnant natural systems is of increasing importance. 
Remnant natural areas, such as hardwood forests, are often relatively small in the region, 
ranging from a few to several contiguous hectares under private or public ownership (Moser 
et al. 2009). In Iowa especially, remnant forests are commonly gallery forests surrounding 
small streams and waterways (Thompson 1992). These areas are critical for conservation 
since they are characterized by tight coupling of terrestrial and aquatic systems in terms of 
water and nutrient storage and cycling (Gomi et al. 2002). There is also interest in conserving 
these forests to curtail soil erosion (Hunsaker and Neary 2012), protect biodiversity, and 
maintain attractive areas for public and private recreation (Moser et al. 2009). However, there 
is evidence that remnant forests have diminished capacity to provide ecosystem services such 
as protection of biodiversity and water quality in highly-disturbed areas (Groffman et al. 
2003, Bernhardt et al. 2008) and may require restoration efforts to maintain or re-create these 
ecosystem functions.   
86 
 
 
An important but sometimes overlooked component of these forested systems is the 
herbaceous layer. Recent research in central Iowa indicates that herbaceous plant community 
composition shifts from forest specialist species to weedy and exotic generalists in highly 
disturbed areas such as urban or grazed forests, and that water quality is degraded in streams 
within these forests in part because fewer nutrients may be captured by the vegetation, 
particularly in early spring and possibly in late fall (Gerken et al. 2013). Forest plant 
specialists, especially those requiring forest interiors, may be reduced in number or 
completely absent in degraded forests (Robinson et al. 1994, Groffman et al. 2003), leaving 
unfilled the role these plants could play in nutrient capture (Bormann and Likens 1968), 
biodiversity (Gilliam 2007), and aesthetics (Drayton and Primack, 1996).   
Research is needed to support strategic restoration of the perennial herb layer to 
enhance nutrient capture and provide other benefits in degraded forest systems. The 
restoration potential of several common forest herbs has been demonstrated (Mottl et al. 
2006). However, these plants are often slow to grow and spread (Bierzychudek 1982), and 
thus can be time and labor-intensive to establish. Probably as a result of less consumer 
demand, there is limited commercial availability and a higher price per propagule (compared 
to those for prairie plants, for instance). Our initial efforts to obtain forest herbs indicated that 
few commercial nurseries in the Midwest carry these plants. Specific restoration protocols, 
planting recommendations, and best management practices are also not readily available for 
many of these forest herbaceous plants.      
Further, two questions commonly arise on the topic of restoration plantings. The first 
question is “Should the plants be local?” (In other words, attention should be paid to the 
distance between source populations and restoration sites, e.g. McKay et al. 2005). 
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Understandably, land owners and land managers want to avoid introducing plants from great 
distances because there is concern that 1) plants might swamp endemic populations with 
maladapted alleles or combinations (McKay et al. 2005, Fahselt 2007), or 2) it is too costly to 
use scarce funds for plant introductions that may not be able to persist and spread in the local 
ecosystem (Fahselt 2007).   
The second question, “What density is sufficient to ensure persistence?” is also tied to 
cost. To be effective given the time and budget constraints typical for restoration 
practitioners, recommendations for plantings should include a minimum number of 
individuals needed for successful establishment. We characterize successful establishment in 
terms of persistence, vegetative growth, and reproduction potential via seed. Although there 
is some research on restoration protocols for woodland perennials (e.g. Mottl et al. 2006, 
Drayton and Primack 2012), there is little information on the planting densities needed for 
persistence and recruitment of these herbs. Field comparisons of high- and low-density 
plantings can offer insight on comparative establishment rates, and tie these rates to the 
potential costs involved. 
Our objectives for this study were to assess the appropriateness of three native 
perennials for restoration plantings. We sought to answer two practical questions: 1) are 
plants that are commercially available in the region appropriate for restoration plantings? and 
2) is establishment success related to planting density?  We approached these questions by 
comparing local and non-local plants in a common-garden greenhouse experiment and in a 
field experiment, and by comparing high and low density plantings of non-local propagules 
in the field experiment. 
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Materials and Methods 
Species selection and propagule sources  
Our goal was to examine restoration potential of species that could improve nutrient 
capture in remnant forests. Previous research indicated that nutrient capture is largely a 
function of biomass production (Mabry et al. 2008), and identified perennial herbaceous 
species that produce large amounts of biomass above- and below-ground during spring and 
that persist throughout the growing season (Gerken et al. 2010). Of these, we chose two 
species, wild ginger (Asarum canadense, hereafter ginger) and Virginia waterleaf 
(Hydrophyllum virginianum, hereafter waterleaf), that also have large amounts of biomass 
after tree leaf-drop in the fall. In addition, both species have good potential for persistence 
and flowering after transplanting (Mottl et al. 2006) and spread clonally, so they are well-
suited to establish on a site relatively quickly. Propagation protocols indicate potential for 
success with both seed and transplant stock of ginger and waterleaf, although seeds have 
exacting storage requirements and are slow to germinate (Cullina 2000). We used ginger and 
waterleaf in both the field and greenhouse studies, and included a third species, James’ sedge 
(Carex jamesii, hereafter sedge) in the field study only. This sedge was chosen to represent 
graminoids because it is similar to ginger and waterleaf in terms of early flowering, 
production of a large amount of biomass that remains intact throughout the growing season, 
and its potential to spread rapidly. In addition, all three species are good candidates for 
herbaceous layer restoration because they are 1) common in relatively undisturbed forests of 
the region, 2) commercially available in the Midwest, 3) easy to distinguish from related 
species (e.g. other sedges) 4) attractive, 5) less susceptible to deer herbivory (based on 
personal observation) and 6) low- or no- maintenance. These additional criteria were 
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included to increase the likelihood that landowners and land managers would purchase and 
plant these species if we could document successful establishment.   
The nearest available commercial stock of these species that we found was from 
Minnesota (for ginger and waterleaf; approximately 400 km from the planting site) and 
Indiana (for sedge; approximately 840 km distant). Prairie Moon Nursery in Winona, MN 
provided non-local ginger and waterleaf plant material. These plants were collected from 
natural forest populations, cold-stored, and shipped as bare-root stock in aerated plastic sacks 
packed in planting mixture (in October 2010 for the field planting, and in March 2012 for the 
greenhouse study). Local plants for the greenhouse study were collected from a minimally 
disturbed central Iowa forest after first leaves emerged in March 2012. Spence Restoration 
Nursery (Muncie, IN) provided sedge plants obtained from divisions made in May 2010 and 
grown outdoors in an unheated cold frame under a shade tarp. Since stems and leaves of this 
sedge do not annually senesce as completely as ginger and waterleaf, sedges were shipped as 
potted plants in 6 cm square by 9.5cm deep pots in early October 2010.   
Greenhouse study 
Planting Methods. We used plant material for ginger and waterleaf obtained in spring 
2012 from Iowa (local) and Minnesota (non-local) populations (non-local sedge was not 
available commercially at the time of this experiment, so it could not be  included in the 
greenhouse study). We stored the root stock at ~0°C in plastic freezer bags with some soil 
still attached to the roots until potting within two days. On March 28, 2012, we potted 25 of 
each species from both local and non-local populations for a total of 100 plants in 15.2 cm 
round pots using Sunshine LC1 Mix growing medium. We watered all plants at the time of 
potting and arranged pots in a grid, with 5 pots in each column and 10 in each row, 
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alternating between local and non-local plants. Plant care was uniform across species and 
sources, and all plants were partially shaded by a row of trees present in the same greenhouse 
bay. 
Data Collection and Analysis.  We monitored plant development in April and May, 
2012. Ginger measurements were taken on April 18, waterleaf measurements were taken on 
April 30. For both species, we assessed vegetative growth and reproductive traits including 
leaf number, petiole diameter, flower number, fruit number, and number of seeds per fruit. 
For ginger, we also measured leaf length and width (and estimated leaf area as width 
multiplied by length). For waterleaf, we also measured height of the tallest leaf. We 
harvested fruit on May 27th, including all available fruit on ginger, and 3 fruits from each 
plant for waterleaf. We then air dried and dissected fruits to record seed count. We took all 
measurements manually by counting or using a ruler or digital calipers.   
To analyze differences between local and non-local plants, we conducted a one-way 
Analysis of Variance (ANOVA) (JMP 9.0; SAS Institute, Cary, NC). We grouped data by 
source population location (independent variable) and analyzed vegetative growth and 
reproductive traits individually as response variables. We set our p-value at 0.05. The set of 
vegetative and reproductive traits measured for each species could be considered a family of 
multiple comparisons. Although Bonferroni corrections are often too conservative for this 
type of ecological data (Gotelli and Ellison 2004), we calculated an adjusted p-value for 
either species (0.008) to allow readers to evaluate the results with or without this correction. 
Field study 
Study Sites.  We conducted this study in three parks in the Des Moines Parks and 
Recreation system in central Iowa. We selected these urban parks according to the following 
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criteria: the forests were mature oak-hickory forest communities on uplands and slopes under 
the same land use, there was no harvest or other alteration to the stand for 30 years or more, 
and all were under the same urban park forest management plan (Julie Hempel, Des Moines 
Parks and Recreation, pers. comm.). Forested areas in these parks ranged from 8 to 17 ha. 
We placed three plots in each park for a total of nine plots. Plots experienced no active 
management during the survey period, with the exception of one plot that was unintentionally 
part of a controlled burn in early spring 2011. We spaced planting plots a minimum of 50 m 
apart, an order of magnitude farther than the mean distance for ant-dispersal typical of these 
species (Bierzychudek, 1982). For this reason, we considered all nine plots independent and 
used site as a blocking factor.  
Planting Methods.  Nursery stock of ginger, waterleaf, and sedge (obtained in 
October 2010) was field planted October 8 to10, 2010. We cold-stored propagules for less 
than one week (to avoid dessication) before planting. Ginger and waterleaf roots were soaked 
in water on-site while we prepared plots for planting. Since sedge plants had active above-
ground growth, they were transplanted directly from pots without soaking to minimize stress. 
Because sparse populations of each of these species were found in all three forests, plot 
preparation involved removing all previously existing plant material (roots and shoots) by 
hand. We installed plants, mulched around them with coarse sawdust, and then watered them. 
We watered all plants again within a week.  Precipitation was sufficient thereafter in fall 
2010 so we provided no additional watering.  
We divided each restoration plot in half with each half separated by a 0.5 m walkway 
to allow access to the plants. We then subdivided each half-plot into six 0.25 m2 quadrats and 
randomly assigned each a planting treatment. Within each quadrat, we planted only one 
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species. This planting design resulted in two subsamples each of ginger, waterleaf, and sedge 
at high density (five individuals), and two subsamples each at low density (two individuals) 
for a total of 18 quadrats per species/density combination. We averaged subsample data and 
used plots as the sampling unit for statistical analysis.  
At each forest site we identified a minimum of three naturally-occurring local 
reference plants of the target species that were approximately the same size and had 
approximately the same leaf number as the transplanted stock. We marked reference plants at 
least five meters distant from the plots with flagging. We were unable to relocate five local 
reference plants in 2012 because flags had been removed. In these instances, we identified 
new reference plants.   
Data Collection and Analysis.  Based on our knowledge of phenology, we surveyed 
plots from April 12 to May 24, 2011 (year one) and May 10 to June 16, 2012 (year two) to 
measure persistence, growth, and reproduction. We measured persistence by documenting 
presence/absence of propagules in each quadrat. Growth and reproductive measurements for 
ginger and waterleaf were measured in the same manner as for the greenhouse study. For 
sedge, we counted number of flowers, fruits, and leaves. For our purposes, a sedge 
perigynium was defined as a “fruit” and a “leaf” was defined as a combination leaf/stem, 
which usually contained three leaf blades. We took measurements in the field on one date per 
species within the time frame specified above. After flowering, we harvested fruit of ginger 
and waterleaf, dried, and dissected them, as in the greenhouse study. Sedge perigynia consist 
of only one achene, and so we obtained fruit counts directly. 
We compared persistence by determining the proportion of quadrats for each 
density/species combination with surviving propagules. Recruitment was measured as the 
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proportion of quadrats with more individuals than were originally planted. We compared 
plant growth and reproductive traits using two separate one-way ANOVAs with planting type 
(local reference plants versus non-local plants) and density (high versus low for non-local 
plants) as the predictor variables and measurements of growth and reproductive traits as the 
response variables. Data exhibited a normal distribution, factors were treated as fixed, and no 
transformations were made.  We set our accepted p-value at 0.05 (for reference, a Bonferroni 
correction for sedge would give an adjusted p-value of 0.017). 
Results 
Greenhouse Planting  
Non-local ginger plants had greater leaf area, petiole diameter, and flower number 
than local plants (Table 1). There was also a strong trend toward greater fruit number, 
although this was not detectable statistically. Trait measures for non-local waterleaf plants 
were also greater than local plants (except for leaf number) although these could not be 
detected statistically due to high standard deviations, with the exception of petiole diameter 
which was significantly larger for non-local plants (Table 1). All plants persisted beyond the 
duration of the greenhouse study. 
Field Planting 
In year one, low-density ginger had 94% persistence, while high-density ginger, and 
waterleaf and sedge at both densities, had 100% persistence (Table 2). In year two, ginger 
had 83% (low density) and 89% (high density) persistence, while waterleaf and sedge had 
94% (low density) and 100% (high density) persistence. Recruitment of new individuals via 
clonal spread or germination in year two occurred in 39% (low density) and 17% (high 
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density) of ginger quadrats, 50% (low density) and 11% (high density) of waterleaf quadrats, 
and 6% high density of sedge quadrats (Table 2). 
In contrast to the greenhouse, local ginger plants had equal or greater growth (except 
for stem diameter) and reproduction than non-local plants by year 2 in the field plots (Table 
3). Particularly striking was that local plants had three to six times more seeds per fruit in 
both years and far greater flower and fruit numbers in the second year. Overall, non-local 
ginger grown at both high and low densities showed few differences in vegetative or 
reproductive metrics. However, in year one, non-local plants in high-density quadrats had 
twice as many flowers. This difference was not observed in year two.   
Local waterleaf plants had equal or greater growth and reproduction in both years 
than non-local plants for most measurements in the field (Table 3). The strongest differences 
for reproductive measures was again in year two, although local plants also had greater 
number of seeds per fruit in year one. Local waterleaf plants also showed evidence of greater 
vegetative robustness with taller plants and greater leaf number, particularly in year one 
(Table 3). There were no differences between high and low density quadrats of non-local 
waterleaf for any vegetative or reproductive measures. 
In contrast to ginger and waterleaf, there were few differences among groups of sedge 
plants (Table 3). In year one the local sedge had a greater number of leaves and there was a 
tendency for more flowers and fruit, but in year two, the reverse was true (although not 
detectable statistically). There was no difference in flower number or fruit number between 
local and non-local sedge plants grown at either density in either year. 
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Discussion 
This relatively small-scale study suggests that care should be taken in selecting 
sources of propagules and that more field studies are needed to fully understand 
genotypic/phenotypic variation for these species. Further, low-density plantings (two plants) 
appear to be as effective as high-density plantings (five plants) in terms of persistence, 
vegetative growth, and reproductive traits over two years.  
The greenhouse portion of this study demonstrates unambiguously that genetic 
differences exist between local and non-local populations of ginger and waterleaf. Non-local 
plants were the same as or more robust than local transplants in the greenhouse, with respect 
to both vegetative and reproductive traits. Although we expected these populations would be 
different, we did not anticipate that the non-local plants would be more robust. However, 
particularly for wild ginger, the field planting portion of this study indicates that these 
genetic differences do not necessarily translate into field-expressed advantages. In this case, 
the non-local plants were actually less robust than local plants in the field, despite their 
genetic potential, because phenotypic expression for the non-local plants varied between 
greenhouse and field environments. However, this interpretation should be confirmed by a 
more complete study that also subjects the local plants to transplant stress in a field trial. 
Although the reference plants we chose in the field were not subjected to the stress of 
transplanting that the non-local plants were, we used them to represent the growth and 
reproductive characteristics of local plants. Notwithstanding, in contrast to the greenhouse 
study, our field data suggest that local plants are more vigorous, especially in terms of 
reproductive traits (e.g. local ginger and waterleaf produced far more seeds per fruit than 
non-local transplants). The better performance of local plants may have been due to 
96 
 
 
challenging conditions in the field, particularly during the second year when the study area, 
Des Moines, Iowa, had 11.6 cm less precipitation from January-June than the same interval 
in year one (Iowa Environmental Mesonet 2012).  This area was 22 cm below the normal 
average for the state for the preceding 12 months, while temperatures were 2.6 °C higher 
than average in year two (National Climatic Data Center (NCDC) 2012). In addition, the 
non-local plants of ginger and waterleaf were from southern Minnesota, an area with 
typically cooler conditions than central Iowa (normal annual mean temperature 9.4°C versus 
10°C, respectively; NCDC 2012). The sedge transplants from central Indiana did not exhibit 
the same patterns. Based on evidence from plant growth and reproductive traits during this 
drought year, the non-local plants were not as suitable as the Iowa plants. 
At the same time, we documented excellent persistence rates for all of the non-local 
plants in the field experiment, and evidence of recruitment for all three species at both 
densities. Although we monitored only for two years, other workers have documented 
longer-term survival of similar propagules (e.g. seven years for ginger and waterleaf, Mottl et 
al. 2006). In addition, recruitment of new individuals within the two-year time frame of this 
study for all three species is very encouraging. Our persistence and recruitment data suggest 
that low-density plantings are likely to be successful and adequate for restoration efforts, 
thereby controlling initial costs for propagules.  
Phenotypic plasticity (environmentally-mediated variation in plant traits) is widely 
found in plants (Bazzaz and Sultan 1987) and almost certainly explains some of the 
differences we observed between the greenhouse and field components of this study. Thus, 
an additional implication of this work is the need for additional field studies to evaluate 
genetic differences in source populations of plants under the conditions of areas targeted for 
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restoration. Additional questions that emanate from this work include the relative importance 
of clonal spread versus reproductive traits in plant establishment and persistence (Menges 
2008, Drayton and Primack 2012), whether plants should be sourced from populations that 
may be more successful in a given locale based on projections of changing environmental 
conditions (especially temperature and precipitation, e.g. Rice and Emery 2003), and how 
strong the danger of introducing potentially inferior alleles may be (e.g. Hufford and Mazer 
2003). 
Based on persistence data, this study and others indicate that restoration of understory 
plants such as ginger, waterleaf, and sedge is feasible in forest ecosystems (Cullina 2000, 
Mottl et al. 2006).  Further, that it is possible to establish populations using relatively small 
numbers of propagules is important to make restoration of these species economically viable 
and attractive for restoration practitioners with limited budgets. Given historical human 
impacts on forest composition and new pressures on the forest remnants that exist in the 
Midwestern landscape, restoration of understory species that are likely to contribute to 
enhanced ecological functions (for biodiversity, water quality, and aesthetic purposes) should 
be of increasing interest. The species we chose to study are among those that are likely to 
provide benefits for all three purposes (e.g. Mabry et al. 2008, Gerken et al. 2010). However, 
because of differential performance of the local and non-local populations that we studied 
(especially for reproductive traits), locally-sourced transplant stock should be used when it is 
available.   
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Tables 
Table 1.  Vegetative and reproductive trait means for local (Iowa) and non-local (Minnesota) 
wild ginger and Virginia waterleaf plants grown in a common-garden greenhouse setting at 
Iowa State University, Ames, IA.  
    Local SD Non-local SD df 
Mean 
square F ratio Prob > F 
Wild 
ginger 
Leaf number 3.8 1.2 3.8 1.5 1 0.1 0.04 0.8389 
Error         48 1.9     
Leaf area (cm) 26.7 10.3 51.3 19.6 1 7571 30.94 <.0001 
Error     48 244.7 
 
  
Petiole 
diameter (mm) 2.2 0.3 3.5 0.4 1 21.4 193.81 <.0001 
Error         48 0.1     
Flower 
number 0.8 0.6 1.4 0.7 1 3.9 7.92 0.0071 
Error     48 0.5 
 
  
Fruit number 0.7 0.6 1.0 0.7 1 1.6 3.81 0.0567 
Error         48 0.4     
Seeds per fruit 37.2 7.5 32.0 9.0 1 241.8 3.41 0.0735 
Error         34 70.9     
Virginia 
waterleaf 
Height of 
tallest leaf 11.8 2.0 13.4 3.3 1 30.1 3.98 0.0516 
Error         48 7.6     
Leaf number 10.1 4.4 8.2 3.8 1 42.3 2.53 0.1186 
Error 
  
  48 16.8 
 
  
Petiole 
diameter (mm) 3.0 0.6 3.7 1.0 1 5.6 8.82 0.0046 
Error         48 0.6     
Flower 
number 23.2 25.7 30.8 37.1 1 729.6 0.72 0.4019 
Error     48 1020.3 
 
  
Fruit number 10.8 13.2 14.0 18.5 1 134.5 0.52 0.4746 
Error         48 258.9     
Seeds per fruit 2.3 1.3 2.7 0.7 1 0.9 0.79 0.3829 
Error         24 1.1     
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Table 2.  Persistence and recruitment of non-local wild ginger and Virginia waterleaf 
(Minnesota), and non-local James’ sedge (Indiana) plants grown in field restoration plots at 
high and low density in Des Moines, IA.   
 
    % Persistence 
% 
Recruitment 
  Density Year 1 Year 2 Year 2 
Wild ginger Low 94 83 39 
High 100 89 17 
Virginia waterleaf Low 100 94 50 
High 100 100 11 
James' sedge 
Low 100 94 0 
High 100 100 6 
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Table 3.  Means for vegetative and reproductive metrics for non-local wild ginger and 
Virginia waterleaf (Minnesota), and non-local James’ sedge (Indiana) plants grown in field 
restoration plots at high and low density and local (Iowa) reference plants occurring near 
plots in Des Moines, IA forest herbaceous plant restoration plots.   
  
Metric 
Field Year 1 
  Local ref. SD 
Non-
local 
high 
density 
SD 
Non-
local 
low 
density 
SD df Mean square F ratio Prob > F 
Wild 
ginger 
Leaf 
number 3.3 0.7 2.5 0.4 2.5 0.8 2 0.9 2.19 0.1396 
Error             19 0.4     
Leaf area 
(cm) 20.3 14.4 27.7 5.4 22.8 8.4 2 94.4 1.27 0.3036 
Error   
     
19 74.3 
 
  
Leaf stem 
diameter 
(mm) 
2.2 0.3 3.1 0.2 2.9 0.7 2 1.1 4.89 0.0194 
Error             19 0.2     
Flower 
number 0.4 0.3 0.8 0.2 0.4 0.4 2 0.4 5.78 0.0109 
Error   
     
19 0.1 
 
  
Fruit 
number 0.4 0.2 0.5 0.1 0.3 0.3 2 0.1 1.67 0.2144 
Error             19 0     
Seeds per 
fruit 19.0 5.3 4.0 1.7 3.1 2.9 2 386.8 41.39 <.0001 
Error             18 9.3     
Virginia 
waterleaf 
Height of 
tallest leaf 19.4 2.3 14.4 3.2 14.4 2.4 2 40.4 3.98 0.0360 
Error             19 10.2     
Leaf 
number 7.3 1.6 5.2 0.8 5.9 1.6 2 5.9 3.34 0.0573 
Error   
     
19 1.8 
 
  
Leaf stem 
diameter 
(mm) 
3.5 0.5 2.9 0.5 3.0 0.5 2 0.6 2.57 0.1031 
Error             19 0.2     
Flower 
number 22.9 12.5 18.1 10.1 28.4 25.9 2 241.4 0.69 0.5131 
Error   
     
19 349.2 
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Table 3. Continued 
 
    Field Year 1 
  Metric Local ref. SD 
Non-
local 
high 
density 
SD 
Non-
local 
low 
density 
SD df Mean square F ratio Prob > F 
Virginia 
waterleaf 
Fruit 
number 3.7 3.5 4.4 2.2 4.4 4.0 2 0.8 0.08 0.9241 
Error             19 10.7     
Seeds 
per fruit 2.7 0.9 0.8 0.3 0.8 0.8 2 4.9 12.16 0.0005 
Error             18 0.4     
James' 
sedge 
Leaf 
number 34.4 35.4 3.4 0.7 6.8 2.9 2 1133 7.9 0.0034 
Error             18 143.3     
Flower 
number 13.6 12.0 7.6 4.1 7.8 5.6 2 44.1 1.18 0.3300 
Error             18 37.4     
Fruit 
number 26.4 23.4 10.0 6.7 10.5 10.1 2 337.8 2.68 0.0959 
Error             18 126.1     
  
Metric 
Field Year 2 
  Local ref. SD 
Non-
local 
high 
density 
SD 
Non-
local 
low 
density 
SD df Mean square F ratio Prob > F 
Wild 
ginger 
Leaf 
number 4.6 2.7 1.6 0.9 1.5 0.7 2 12.2 9.01 0.0019 
Error             18 1.4     
Leaf area 
(cm) 24.2 19.5 21.7 18.5 21.1 23.5 2 13.8 0.03 0.9689 
Error 
      
19 436.6 
 
  
Leaf 
stem 
diameter 
(mm) 
2.1 0.3 1.9 1.0 1.8 1.0 2 0.1 0.07 0.9301 
Error             18 0.9     
Flower 
number 1.1 1.4 0.1 0.1 0.1 0.1 2 1.2 5.13 0.0173 
Error 
      
18 0.2 
 
  
Fruit 
number 1.1 0.1 0.1 0.1 0.1 0.1 2 1.5 114.27 <.0001 
Error             19 0     
Seeds 
per fruit 25.5 4.9 7.7 9.2 7.7 9.2 2 516.4 6.81 0.0059 
Error             19 75.8     
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Table 3. Continued 
  
Metric 
Field Year 2 
  Local ref. SD 
Non-
local 
high 
density 
SD 
Non-
local 
low 
density 
SD df Mean square F ratio Prob > F 
Virginia 
waterleaf 
Height 
of tallest 
leaf 
18.3 0.6 12.5 2.0 13.0 2.0 2 52.0 15.62 <.0001 
Error             19 3.3     
Leaf 
number 3.3 1.4 2.4 1.1 2.6 0.8 2 1.1 0.99 0.3892 
Error             19 1.1     
Leaf 
stem 
diameter 
(mm) 
2.6 0.3 2.2 0.5 2.2 0.3 2 0.2 1.45 0.2602 
Error             19 0.2     
Flower 
number 7.2 5.5 4.0 5.6 1.5 2.4 2 45.7 2.26 0.1312 
Error 
      
19 20.2 
 
  
Fruit 
number 3.7 3.5 0.3 0.7 0.6 1.4 2 17.6 5.99 0.0096 
Error             19 2.9     
Seeds 
per fruit 2.7 0.9 0.1 0.2 0.3 0.6 2 8.4 30.46 <.0001 
Error             18 0.3     
James' 
sedge 
Leaf 
number 20.0 22.1 24.2 8.3 26.5 15.6 2 49.2 0.25 0.7781 
Error             18 193.4     
Flower 
number 1.9 3.3 5.9 3.3 8.3 7.9 2 48.0 1.43 0.2649 
Error             18 33.5     
Fruit 
number 3.1 5.4 8.3 6.1 11.2 11.0 2 74.9 1.02 0.3809 
Error             18 73.5     
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Abstract 
Agricultural intensification throughout the Upper Midwest has led to degradation of 
natural ecosystems and increased pollution in the region’s waterways.  Restoring areas of 
perennial vegetation in this landscape is a viable approach to improving water quality.  
Remnant hardwood forests are an example of plant communities that could contribute to 
improved water quality, but often these areas have been disturbed by human land uses (e.g. 
grazing, urbanization) that decrease biodiversity and capacity to capture pollutants.  
Herbaceous understory plants (particularly sensitive to disturbance) play an important role 
for nutrient capture in these systems. Thus, forest landowners and forest managers (agency or 
consulting forestry professionals) could increase ecosystem services in agricultural 
landscapes by restoring understory plant communities.  Although these stakeholders may not 
have prior knowledge of the role of the understory, their orientation toward conservation 
could lead to interest in restoration of remnant forests. We conducted a series of collaborative 
workshops with forest landowners and with forest management professionals to share 
information about nutrient dynamics in forests, learn about their goals for forests they 
own/manage, and identify what they perceived as barriers to and resources for restoration.  
We assessed their prior knowledge and goals via pre-participation surveys, and assessed 
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learning and potential for change in forest management via surveys delivered two months 
after participation.  Landowners’ top goals included environmental conservation, aesthetics, 
recreation, and water quality.  Landowners and management professionals alike identified 
lack of management activities, shortage of funding, and presence of invasive species as 
obstacles to goal attainment.  Both groups identified education and restoration of ecosystem 
integrity via deer management and planting native species as means to attain goals.  
Respondents to the post-workshop survey indicated their plans for management included 
invasive species control, timber stand improvement, and restoration of desirable species.  
Resources to support these activities included natural resource agency and NGO experts, 
cost-share funding, and volunteer labor forces and neighbors.  Although there were some 
“disconnects” between landowners and management professionals in pre-workshop goals, 
their post-workshop goals were similar.  Increasing forest owners’/managers’ knowledge 
about  forest herbaceous plant communities, their ecological role, and the potential for 
restoration is likely to lead to management actions that will increase biodiversity, improve 
habitat quality, and protect  surface water quality throughout this region. 
Key words: herbaceous flora, ecosystem function, collaborative learning, Iowa, hardwood 
forests, forestry outreach, urban woodland management 
Introduction 
The landscape of the Midwestern U.S. has been altered by large-scale removal of 
natural vegetation (e.g. prairie, forest, and wetland) and addition of other anthropogenic land 
cover types (Cardille et al. 2001, Huston 2005).  Conversion for, and more recent 
intensification of, anthropogenic uses such as agriculture, urbanization, or exurban sprawl 
have left few remnant natural areas in place, nearly all of which are exposed to current or 
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legacy effects of this disturbance (Bellemare et al. 2002, Foley et al. 2005), which can alter 
community composition (McKinney et al. 2006, Flynn et al. 2009) and lead to diminished 
ecosystem function (Naeem et al. 1995).  Even so, remnant natural areas in the Midwest have 
great value for preserving biodiversity and some ecosystem functions such as nutrient cycling 
and protection of water quality (Hobbs 1993, Hooper et al. 2005).   
Throughout this region and in Iowa in particular, hardwood forests often remain 
along rivers and streams (Thompson 1992).  These forest remnants are characterized as 
bottomland forests dominated by hackberry (Celtis occidentalis), green ash (Fraxinus spp.), 
cottonwood (Populus deltoides), and silver maple (Acer saccharinum), or mesic side-slope 
forest communities dominated by red oak (Quercus rubra), black maple (A. nigrum), and 
basswood (Tilia americana), or upland forests dominated by white oak (Quercus alba) and 
shagbark hickory (Carya ovata) (Van der Linden and Farrar 1984).  Relatively undisturbed 
areas in these forests also have a diverse community of shade-tolerant herbaceous perennials 
(Eilers and Roosa 1994).  In general, the herbaceous layer in hardwood forests can account 
for much of their floristic diversity, and is likely have an important role in nutrient cycling 
(Gerken 2005, Gilliam 2007).  Thus, considerable effort has been devoted to understanding 
the resilience and recovery of the herbaceous layer in forests throughout North America that 
have been affected by past anthropogenic activity (McLachlan and Bazely 2001, Mabry 
2002, Gilliam and Roberts 2003, Mabry and Fraterrigo 2009).   
Similar to other parts of the country, rates of forest land parcelization in the Midwest 
have increased in recent decades, creating a large and growing number of land owners who 
own smaller and smaller areas of forest (e.g. Jones et al. 1995, Sampson and DeCoster 2000, 
Kuipers et al. 2013).  Throughout the Midwest region, the majority of forests (approximately 
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69%) are privately owned (Potts et al. 2004).  In Iowa in particular, privately owned forests 
make up about 82% of forest land (Leatherberry et al. 2005), including an increasing number 
of small forest areas around exurban homes (Leatherberry et al. 2005, Moser et al. 2009).  
Publicly-owned forest land in Iowa is under management of state, county, or municipal 
governments.   
Challenges associated with the growing number of new forest landowners are related 
to their awareness, understanding of, and likelihood to use forest management practices 
(Knoot et al. 2010b).  Only about 1% of Iowa forest land owners have written management 
plans (Leatherberry et al. 2005).  Some recent studies have indicated that private forest 
landowners may be motivated by a stewardship ethic (Dutcher et al. 2004, Knoot et al. 2009) 
and may intend to manage their forest land to achieve stewardship-oriented goals (Hull et al. 
2004, Knoot et al. 2009, Davis and Fly 2010).  More specifically, many of these landowners 
are interested in environmental and aesthetic benefits which in some cases may be more 
important to them than opportunities to generate income (Hull et al. 2004, Davis and Fly 
2010). Professional foresters who consult with and assist private forest landowners may not 
have the expertise necessary to address some of these non-timber management goals.  
Finally, forests located in municipal settings may or may not be managed by an urban 
forester or arborist.   In some cases, forest management decisions may fall to urban park 
managers who have little ecological training, and management priorities may be limited to 
issues related to public safety (Loeb 1987).    
Concurrent with changes in landowner demographics, there have been changes in 
natural resource planning and management approaches that incorporate collaborative and/or 
social learning. Evidence suggests that these approaches can be helpful to form relationships, 
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build trust, and promote engagement in resource management (Schusler et al. 2003, 
Thompson et al. 2005, Selin et al. 2007, Rodela 2011).  Outreach efforts that use elements of 
formal collaborative learning provide opportunities for participants to construct their own 
knowledge and have the potential to facilitate deeper understanding and accountability, 
leading to greater likelihood of subsequent actions (Johnson et al. 1991, Daniels and Walker 
2001).  A collaborative learning approach enables participants to interact with others about 
their goals, share their knowledge, discuss successes and failures, and ultimately 
collaboration can create enthusiasm and empower individuals to act (van Heezik et al. 2012, 
Cross et al. 2013).    
Given the likelihood of a strong conservation ethic among forest landowners, forest 
management professionals, and urban park managers, but probable lack of knowledge about 
the functional importance of the understory among all three groups, introducing new findings 
from place-based research on understory community composition and function could 
enhance their knowledge and lead to purposeful management activity.  Further, findings from 
ecological research on the functional role of herbaceous plant communities dovetails nicely 
with landowners’ evolving management priorities that are more likely to emphasize general 
environmental benefits (Jones et al. 1995), wildlife habitat (Davis and Fly 2010), and water 
quality (Dutcher et al. 2004).  In addition, providing locally-derived research-based 
information to forest management professionals would enable them to assist landowners in 
identifying appropriate goals and managing their forests to attain them.  To move toward 
these outcomes, we designed and facilitated collaborative workshops to provide information 
on the role of the forest understory to forest landowners and managers.   
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Research Approach 
Project overview 
This study was part of a research project that included examining the role of the 
herbaceous layer in nutrient capture and protection of stream water quality, and determining 
the feasibility of understory restoration to improve ecological function in remnant forests 
(Gerken et al. 2013, Gerken et al. in review).  We focused our ecological research on central 
Iowa’s remnant forest areas surrounding headwater streams, where terrestrial and aquatic 
processes are tightly linked (Gomi et al. 2002).  We examined nutrient uptake capacity and 
restoration potential for native herbaceous perennials that would be ideal candidates for 
reintroduction in degraded forests based on their life-history characters and commercial 
availability (Gerken et al. 2010, Gerken et al. in review).  In this paper, we report on 
subsequent outreach to forest landowners, forest management professionals, and urban park 
managers whose goals were likely to be congruent with restoration goals (e.g. Knoot et al. 
2010a). We designed a collaborative workshop framework to provide information and to 
engage private forest landowners, professional foresters and urban park managers in 
discussions that could encourage actions to restore forest understory plants.  
Participant groups 
We conducted a set of five collaborative learning workshops with three groups, 
including three workshops for non-industrial private forest landowners (hereafter 
landowners), and one workshop each for professional foresters and urban park management 
professionals.  We held the first landowner workshop during concurrent sessions at the 
annual Tri-State Forest Stewardship Conference (Sinsiniwa, WI; March, 2012). We 
facilitated a second landowner workshop at a Forestry Field Day (Lucas, IA; April, 2012).  
We held a third workshop for forest landowners in Polk and Warren Counties (Camp Wesley 
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Woods, Warren County, IA; May, 2012).  Participants for the first two workshops were 
recruited by personnel with the Iowa Department of Natural Resources and Iowa State 
University Extension.  Project personnel recruited participants for the third landowner 
workshop through direct mailings to forest landowners in the targeted counties, as well as 
through newspaper advertisement.  We facilitated a workshop with professional foresters 
from Iowa and Illinois at their combined annual meeting (Quincy, IL; May, 2012).  We also 
facilitated a workshop with urban park managers (Mason City, IA; September, 2012).  
Professional foresters and urban park managers were invited to participate via solicitations by 
their professional organizations (Iowa and Illinois Chapters of the Society of American 
Foresters, or the Iowa Parks and Recreation Association, respectively).  A total of 65 
landowners, 36 professional foresters, and 11 urban parks professionals voluntarily 
participated in the workshops, which varied in duration from two to three hours.   
Collaborative workshop format  
At the beginning of each event we distributed pre-workshop surveys to assess 
participant knowledge and goals, and to collect demographic information.  The pre-workshop 
survey included 14 to 26 items, eight of which were Likert scale questions (on a rising five-
point scale) to assess participants’ knowledge about forest ecosystem structure, function and 
the herbaceous understory, their level of concern about understory plant community diversity 
and stream water quality, and their likelihood to manage forest land by investing in 
understory restoration.  Landowners and urban park managers were also asked about their 
levels of cooperation with neighboring forest landowners.  The Likert scales were 
constructed so that a rating of “5” indicated that a respondent reported being very 
knowledgeable, concerned, or action-oriented, a rating of “3” indicated a neutral response, 
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and a rating of “1” indicated that a respondent was not at all knowledgeable, concerned, or 
action-oriented.  In addition to the Likert scale items, the survey contained 3 “yes or no” 
questions about participants’ past and present land management activities, and five to eight 
demographic questions to enable description of participant groups.  We used a separate 
response card for participants to provide their mailing address if they were willing to receive 
a post-workshop survey.   
After participants completed the survey, we provided a 20-minute presentation on 
forest ecosystem structure and function, biodiversity, and the role of the herbaceous layer in 
nutrient cycling and water quality using locally-derived research findings (Gerken et al. 
2013).  Specifically, we provided information on the link between composition and function 
in central Iowa forests, and discussed the role of both overstory and understory vegetation in 
water and nutrient cycles. The presentation included a contrast between two watersheds with 
different understory community composition and nutrient uptake capacity. We also used 
research results to suggest that strategic near-stream restoration, especially in forested 
headwater areas, would enable environmental improvements with reasonable levels of 
investment.  All participants received the same presentation information. 
We held a brief whole-group discussion following the presentation, so that 
participants could comment on the research results and to begin the transition to collaborative 
interaction.  We invited participants to form groups of three to six based on proximal seating 
to engage in more structured discussions with others.  As an ice-breaker, we asked each 
participant to introduce themself and share one goal or challenge for forest management.  
After allowing time for discussion within the small groups, we initiated a collaborative 
learning exercise using a Venn diagram focused on goals for forest landowners, or using a 
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categorizing grid focused on obstacles and actions to improving ecosystem function for 
foresters and urban park managers (see Box 1 for collaborative learning strategy 
descriptions).  We then facilitated a large group discussion to examine similarities and 
differences between the diagrams generated by different groups.  We next transitioned forest 
landowners to the categorizing grid focused on obstacles and actions to address ecosystem 
function, followed by large group discussion.  For foresters and parks managers, the second 
exercise was a jigsaw focused on questions related to management and collaboration to 
enhance forest ecosystem integrity.  Group responses for all collaborative exercises were 
collected for later analyses. At the end of each workshop we led whole group discussions 
about resources needed to support forest management and a brief question and answer 
session.  At the conclusion of the workshops we distributed fact sheets based on our research 
on understory ecology for participants’ future reference. 
Approximately six weeks after each workshop, we administered a mailed post-
workshop survey that included the previously described Likert-scale questions on 
knowledge, concern, and action. We also included open-ended questions for respondents to 
indicate if they planned to, or already had, implemented specific management activities as a 
result of the workshop, and whether they had identified potential resources to help them 
conduct planned activities.  A reminder letter and new copy of the survey were mailed to 
non-respondents after two weeks (modified from Dillman 2008).  
Data analyses 
We compared responses to Likert-scale questions about knowledge and attitudes on 
pre- and post-workshop surveys by calculating the means for each question by participant 
group, and using a t-test to determine whether the means were significantly different from 
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neutral (at α = 0.05).  For post-workshop surveys, we also used a t-test to determine whether 
the mean responses were different from pre-workshop survey responses.  Calculations were 
performed in Microsoft Excel and statistical analyses were conducted using JMP 9.0 
software (SAS, Inc., Cary NC).  
We analyzed all other data (open-ended survey responses and responses to 
collaborative learning exercises) qualitatively.  We analyzed landowner goals on Venn 
diagrams according to themes that emerged among common responses, and developed 
synthesis categories (Colaizzi 1978, Herringshaw et al. 2010).  We summarized information 
from the categorizing grids, the jigsaw exercise, and the open-ended post-workshop survey 
questions based on response frequency. 
Results 
Pre-workshop surveys were completed by 61 landowners.  Landowner participant 
respondents were 95% white, 72% male, and 73% held a four year degree or higher (Table 
1).  Income varied for this group; among respondents 19% earned between $25,000 and 
$50,000, 26% earned between $50,001 and $75,000, 23% earned between $75,000 and 
$100,000, and 26% earned greater than $100,000 annually (Table 1). The average forest 
ownership was 32 ha, had been held for 16 years, and for 59% of respondents was not their 
primary residence (Table 1).  Average landowner age was 48.5.  Pre-workshop surveys were 
completed by 34 professional foresters. These participants had been in the profession for an 
average of 15.5 years, and the vast majority (90%) provided technical assistance for 
management of multiple forest sites. A large proportion of respondents (60%) served in state, 
federal, or consulting roles (Table 1).   Pre-workshop surveys were completed by 11 urban 
park managers.  Park managers had served an average of 13.4 years in their positions and all 
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respondents indicated that administration was their primary role.  Respondents managed an 
average of 9.3 parks that were between 50 and 610 ha in size.  They represented cities 
varying in size with populations of about 500 to more than 125,000 persons (Table 1).  
Response rates for post-workshop surveys were 66% for landowners, 65% for foresters, and 
82% for urban park managers.  
On pre-workshop surveys, respondents from all three groups expressed concern about 
diversity of understory vegetation and water quality of streams in their forests, as well as 
their intent to manage the forest with ecosystem function as a primary goal (Table 2).  Forest 
landowners and urban park managers rated their level of knowledge about forest ecosystem 
structure and herbaceous understory plants as “neutral”.  Despite ambivalence about their 
knowledge, landowners and urban park managers expressed strong interest in investing time 
and effort in understory restoration.  Professional forester respondents indicated high levels 
of knowledge, and high likelihood to recommend restoration of understory species (Table 2).  
Urban park managers expressed intentions of collaborating with neighboring forest 
landowners, although individual forest landowners were neutral on this topic (Table 2).   
Analysis of landowner goals identified on small groups’ Venn diagrams revealed 
consistently conservation-oriented themes (Table 3).  We organized these as belonging to 
three overarching categories: direct human benefits, ecosystem integrity, and ecosystem 
services.  Among direct human benefits, themes that emerged included generation of 
revenue, opportunities for recreation, and forest owners’ sense of connectedness to nature.  
Most groups’ diagrams included topics such as wildlife and plant species diversity, invasive 
species control, forest health, and restoration of native species, which can be interpreted as a 
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desire to maintain or promote ecosystem integrity (Table 3).  Ecosystem services themes 
included the role of forests for water quality protection and erosion control (Table 3). 
The same categories (direct human benefits, ecosystem integrity, ecosystem services) 
were useful in organization of landowner responses in the Venn diagrams about the 
characteristics of forest ecosystems that contribute to landscape-scale function.  The theme of 
connectedness to nature was expressed in their identification of forests’ roles in providing 
aesthetics, pleasant views, and nearby nature (Table 4).  Landowners also listed several 
aspects of ecosystem integrity provided by forest land such as wildlife habitat, biological and 
structural diversity, and forest health (Table 4).  Finally, ecosystem services provided by 
forests included themes related to protection of water quality, erosion control, climate 
mitigation, and nutrient storage (Table 4). 
Analyses of categorization grids developed by participants in all three groups 
(landowners, foresters, and urban park managers) revealed their perceptions about the most 
frequently identified obstacles limiting ecosystem functions of forests.  Overall, participants 
identified lack of management activities, lack of resources, and invasive species as important 
obstacles (Table 5). Landowners and urban park professionals perceived that limited 
resources were linked to less frequent implementation of management actions, and that this 
could be addressed by seeking external support.  Foresters acknowledged that lack of 
management action could lead to compositional shifts in forest communities and increases in 
the numbers and abundance of invasive species, but that this could be addressed through 
education and implementation of specific management activities (Table 5).   
Analysis of professional foresters’ responses to topic questions on the jigsaw 
worksheets revealed themes that identified the need for forest assessment and monitoring 
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coupled with development of management goals and objectives (Table 6).  When asked about 
ways to promote collaboration with and among neighbors to facilitate watershed 
management, foresters suggested providing more education, encouraging neighbor-to-
neighbor interactions, and providing funding.  Forester respondents agreed that timber 
harvesting and preserving ecosystem integrity could be made compatible by using best 
management practices in terms of harvest type and timing.  With respect to overcoming 
barriers to restoring ecosystem function, foresters emphasized the need for research, 
inventory data, education, and financial incentives (Table 6). 
On post-workshop surveys, all groups expressed concern for herbaceous diversity and 
water quality in forest ecosystems (Table 2).  Forest landowners and foresters indicated high 
knowledge level of forest structure, function, and herbaceous plants, and likelihood to 
manage with ecosystem function as a primary goal and invest in understory restoration 
(Table 2). Urban park managers also indicated willingness to collaborate with neighboring 
forest owners to reach common goals (Table 2).  Further, landowners’ post-workshop 
responses compared to pre-workshop responses indicated an increased level of knowledge 
about forest ecosystem structure and function, as well as about herbaceous understory plants 
(Table 2).  Foresters’ responses indicated more knowledge about ecosystem structure and 
function after the workshop (Table 2).  Urban park manager responses did not indicate 
changes for any of the queries after the workshop (Table 2). 
Respondents in all three groups most frequently identified invasive species control as 
management activities they were considering for the open-ended question on the post-
workshop survey (Table 7).  Landowners and foresters also indicated that they were 
considering timber stand management and reforestation/planting activities.  Activities 
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frequently identified by urban park managers included learning more about the 
understory/how to identify understory species and prescribed burning.  About 5% of 
landowners, 33% of foresters, and 14% of urban park managers indicated that they were not 
considering any management activities as a result of workshop participation Table 7). 
In response to an open-ended question about resources that would enable ecosystem 
restoration activities, landowners and urban park managers identified agency and NGO 
experts, assistance with costs (money/time/labor), and collaboration with other forest 
owners/neighbors. Foresters identified easy-to-use literature, cost-share programs, and 
concrete data on the impacts of biodiversity as resources that could enable them to encourage 
private landowners to implement management (Table 7).   
Discussion 
The collaborative learning approach used in this project supported participants’ 
engagement in identifying goals, learning from other participants and facilitators, and 
engaging in dialog about new information in ways that are likely to lead to action.  Although 
the connection between motivation and behavior is complex (Dutcher et al. 2004, Grenier 
and Gregg 2011), interactive learning strategies could provide greater impetus for 
environmental action (van Heezik et al. 2012).  A growing body of literature provides 
evidence for positive ecological impacts as a result of collaborative interventions (Tompkins 
and Adger 2004, Armitage et al. 2009, Rodela 2011).  In corroboration of this evidence, we 
suggest that participation in structured collaborative learning and the knowledge gained from 
such experiences can lead (indirectly) to behavior change as we propose in a conceptual 
framework to describe the process we observed (Figure 1).   Acquisition of knowledge, and 
immediate interaction about it, can lead to deeper learning, and in this context support the 
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underlying conservation ethic held by landowners and land managers.  This is likely to lead 
to decisions and management actions to enhance ecological functions and services, and 
success in doing so is likely to create a positive feedback effect and reinforce understanding 
(Leamnson 2001, Sprenger 2005).  The workshops we conducted provided a mechanism for 
us to share new research findings and promote collaborative learning about them, which we 
expect (based on post-workshop survey responses) is likely to lead to action. Engaging 
participants in connecting new information to their personal emotions and goals can enhance 
learning (Leamnson 2001).  
Prior to workshop participation, respondents from all three groups (landowners, 
foresters, and urban park managers) expressed concern about forest understory diversity and 
water quality in streams embedded within forests. They also indicated a high likelihood of 
managing (or recommending management of) forests with ecosystem function as a primary 
goal.  This supports earlier reports of a strong stewardship ethic among forest landowners 
(Dutcher et al. 2004, Davis and Fly 2010, Grenier and Gregg 2011), especially new 
landowners with relatively small forest holdings (Knoot et al. 2009, Kuipers et al. 2013). 
Among forestry professionals, there is evidence of a shifting focus from timber production to 
diversity and ecosystem management (Swanson and Franklin 1992).  Our findings also 
support earlier reports indicating urban park managers’ increasing levels of interest and 
activity in ecosystem restoration, including restoration of forests, wetlands, and meadows as 
natural areas in an urban park system (Goldenberg 1999), a large urban riparian forest 
restoration (Lane and Raab 2002), and a riparian wetland restoration project that provided 
watershed management and passive recreation (Obrapta and Kallin 2007).   
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During our workshops, landowners expressed very general conservation-oriented 
goals, reflecting their level of knowledge as well as their overall value orientation (Hobbs 
2007).  Forest landowners often expressed willingness to engage in management activities, 
and our findings support earlier reports that the focus of these activities is shifting toward 
efforts to enhance ecosystem integrity rather than to maximize timber profits (Hull et al. 
2004, Davis and Fly 2010, Greiner and Gregg 2011).  As noted by other researchers in the 
upper Midwest, parcelization and the value of exurban properties (trees on the stump more 
valuable than trees removed) have also contributed to the general shift of landowner 
priorities away from timber harvest (Knoot et al. 2009).   
All three participant groups identified common obstacles that limit ecosystem 
function:  lack of management, lack of resources, and presence of invasive species.  All three 
groups were also able to identify general actions to address these perceived obstacles, 
indicating that specific research and outreach efforts to support these actions could lead to 
improvements in forest ecosystem integrity across a broad range of forest types.  As an 
example, post-workshop survey responses indicated that all three groups were considering 
engaging in management activities to control invasive species.  Their interest in invasive 
species management emerged based on participant interactions (workshop facilitators did not 
initiate this discussion), but if implemented would certainly support multiple landowner and 
land manager goals related to aesthetics, habitat quality, potential for natural forest 
regeneration, and overall forest ecological function. 
Landowner and forester respondents also indicated that they were considering timber 
stand management and reforestation or planting activities.  In the case of landowners, the 
definition of “planting” is probably fairly broad and based on their interaction with workshop 
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facilitators and likely includes understory and overstory species.  Foresters, however, 
frequently identified planting as more specifically related to regeneration of trees.  Thus, 
there is the potential for miscommunication between professional foresters and landowners 
related to their use of vocabulary which connotes fairly specific actions for professional 
foresters that may not be congruent with landowners’ understandings of activities associated 
with these terms (Davis and Fly, 2010).   
Surprisingly, one third of forester respondents to the post-workshop survey indicated 
that they were not considering recommending new or different management activities to 
landowners after workshop participation.  Closer examination of survey responses showed 
that some of these responses indicated a professional bias toward timber production (e.g. 
Hull et al. 2004).  This did not apply to all foresters, however.  One respondent remarked, 
“As a forester, I have always considered understory plants as an indicator of the 
success/failure of my management and as indicators of past management.”  Further, another 
respondent indicated that the apparent bias toward timber may be related foresters that 
simply need to learn more about understory herbaceous plants – one participant noted that 
“Foresters need silvics for the understory” in order to effectively manage for that component 
of the ecosystem. 
Conclusions 
Forest ecosystem management approaches that include attention to herbaceous flora 
could be instrumental in restoring and protecting biodiversity, improving nutrient retention, 
and protecting stream water quality throughout the Midwest.  We used a collaborative 
learning approach to engage participants in identifying goals, learning from other participants 
and facilitators, and discussing new information about forest ecosystems that sheds light on 
123 
 
 
the important role of understory herbs.  We conducted workshops with participant groups 
who were likely to have a strong conservation ethic, but were probably unaware of the 
significance of the herbaceous layer.  Our workshop structure was grounded in learning 
theory indicating the strong potential of this strategy for promoting learning, increasing 
knowledge retention, and leading to action.  This workshop format also linked participants 
with others who may have similar goals. 
Although the data we collected provide evidence for only modest change in 
knowledge, there was stronger indication among all participants of their intention to engage 
in forest management activities.  Given the  growing number of new forest landowners, and 
the growing proportion of them with broad goals that include restoring and protecting 
ecosystem integrity, researchers and educators should discover and provide information via 
collaborative learning frameworks to support their learning and subsequent actions.  
Repeated interaction and exposure to concepts would likely produce deeper understanding. 
To lead to increased ecological function of remnant forests, ongoing research to develop best 
practices for restoration and management of the forest herbaceous layer coupled with 
dissemination of findings using a collaborative framework could promote interaction, 
learning, and action among forest owners and managers. 
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Box 1. Collaborative learning strategies 
We used three structured activities to engage landowners, foresters, and urban park 
managers in identifying goals and sharing knowledge.  We modified these activities 
somewhat from formal learning strategies designed for college classrooms (Johnson et al. 
1991) to better address our purpose for the workshops.   
We used a “Venn diagram” as a graphic organizer to focus participant landowners’ 
attention on potential overlaps between their goals and “manageable” ecosystem 
characteristics that could be associated with achieving those goals. First, we asked individual 
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participants to fill in a blank notebook-sized Venn diagram by identifying 1) their goals for 
their forest land; 2) forest ecosystem characteristics that would contribute to ecological 
functioning at a landscape scale; and 3) similarities (the overlap zone) between the first two 
categories. We then provided large format blank Venn diagrams to small (three to five 
persons) groups and asked them to reach consensus on three to four bullet points in each 
category. Finally, we discussed as a whole group the ideas illustrated in the large-format 
Venn diagrams.  Based on adult learning theory, this approach is likely to enhance retention 
and application of new knowledge (e.g. Marzano et al. 2001).  
A second strategy we used was a “categorizing grid” (adapted from Angelo and Cross 
1993).  We used this technique to enable participants to organize prior knowledge and 
incorporate new learning to identify and understand problems and begin to find solutions.  
On the categorizing grids we used with landowners, they were asked to first work 
individually (on blank notebook-sized grids) to identify and list obstacles that might limit 
ecosystem functions in their forest, the ramifications of these obstacles, and actions that 
would eliminate the obstacles.  We then provided blank large-format grids to the small 
groups and asked them to reach consensus on two to three items in each category.   The 
categorizing grids for professional foresters and urban park managers also prompted 
participants to identify obstacles that might limit ecosystem functioning in forests for which 
they advised landowners or for which they were directly responsible for management.  This 
structure engaged participants in collaborative problem identification and problem-solving, 
which can encourage participants to seek more information from each other, communicate 
more information with each other, and feel more empowered in information-sharing (Johnson 
et al. 1991). 
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We also used a “jigsaw” strategy to promote collaboration among professional 
foresters (adapted from Johnson et al. 1991).  For this strategy, foresters were assigned to 
base groups and given a worksheet with a common set of four topics about 1) feasibility of 
managing understory vegetation, 2) opportunities for collaboration among neighbors within 
watersheds, 3) integrating timber harvest activities with preservation of understory 
vegetation, and 4) overcoming barriers to restoration of ecosystem function .  Each base 
group member was assigned one topic, and base groups dispersed to form single-topic groups 
for brainstorming on that topic.  Following those discussions, participants rejoined their base 
group to share key points that emerged and complete the worksheet.  This structure created 
the opportunity for foresters to discuss a number of ideas in a short timeframe, to engage 
with their professional colleagues, and develop personal accountability among participants 
for exploring specific topics.  This positive interdependence also enables participants to see 
how their effort benefits others, and how each group member has a contribution to make 
(Johnson et al. 1991). 
Angelo, T.A. and K.P. Cross. 1993. Classroom assessment techniques: A handbook for 
college teachers 2nd ed. Jossey-Bass Publishers, San Francisco, CA. 
Johnson, D.W., R.T. Johnson, and K.A. Smith. 1991.  Cooperative learning: Increasing 
college faculty instructional productivity.  ASHE-ERIC Higher education report 20 
(4).  The George Washington University Press, Washington, DC. 
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Table 3. Categories and synthesis of themes emerging from landowner team responses during 
collaborative workshops (March through April, 2012 in Iowa and Wisconsin) to the question: 
What are my goals for the characteristics of my forest land?  
Category Emerging themes Example landowner responses 
Direct human 
benefits 
Income generation Oak and walnut regeneration; grazing; firewood;  timber production; hunting  
Recreation Build access trails; recreation 
Nature connection Help nature 
     
Ecosystem integrity 
Wildlife Wildlife diversity; bird habitat; mast production 
Biodiversity Preserve native species; regeneration of plants and wildflowers  
Forest health 
Thin out undesirables; maintain wooded 
watershed; preserve quality; forest 
regeneration 
Restore natives 
Re-establish species/ native plants; 
restoration from legacy of disturbance 
(grazing) 
  Invasive species Elimination of exotics; control natives 
   
Ecosystem services 
Water quality protection 
Limit nutrient and water run-off; stream 
health; buffer against unwanted inputs; 
minimize the impact of livestock animals 
on the natural cycle 
Erosion control Erosion control; slope preservation; reduce erosion 
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Table 4. Categories and synthesis of themes emerging from landowner team responses during 
collaborative workshops (March through April, 2012 in Iowa and Wisconsin) to the question: 
What would contribute to forest ecosystem function at a landscape scale? 
Category Emerging themes Example landowner responses 
Direct human 
benefits Nature connection Aesthetics; view; nature 
     
Ecosystem integrity 
Habitat Provides wildlife habitat; part of a larger adjoining woodland system 
Biodiversity Biodiversity between forest and prairie 
Structural diversity Structural diversity; good understory 
Forest health 
Mature trees; tree disease and 
invasives; healthy understory of 
native plants; density of forest 
     
Ecosystem services 
Water quality protection Dense vegetation to protect water quality; filter, slow down rain 
Erosion control  Tendency to flooding/run-off; erosion control 
Air/climate mitigation Oxygen and captures CO2; clean air 
Nutrient storage Carbon sequestration; keeps nutrients in floor of forest 
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CHAPTER 7: GENERAL CONCLUSIONS 
This dissertation documents a stepwise approach to examining the relationship 
between composition and function of the herbaceous layer of hardwood forests and to 
exploring the management implications for forest landowners and forest land managers.  
Restoring ecological function in remnant forests throughout the Midwest (U.S.) has potential 
as one of several strategies to improve surface water quality, which is seriously compromised 
in this region (Mitsch et al. 2001, Sprague et al. 2011). Remnant forests are critical for 
maintaining ecosystem functions in this landscape context, maintaining biodiversity and 
allowing water infiltration and capture of nutrients before they are lost from the terrestrial 
system to streams and rivers (Gomi et al. 2002, Groffman et al. 2003).  The herbaceous layer 
of hardwood forests is an important forest component (Gilliam 2007).  Herbaceous layer 
community composition can be an indicator of floristic quality and degree of disturbance: 
shifts in composition toward generalist species that typically occur due to human disturbance 
can be related to diminished biodiversity and capacity to capture nutrients.  Identification of 
species that have high functional capacity and probability of success when reintroduced can 
allow land owners and managers to get the most out of their restoration efforts.   
Is there an easy way to assess floristic quality of the herbaceous layer? 
Floristic quality measures such as the mean coefficient of conservatism (mean CC) 
have been used to quantify effects of human disturbance on plant community composition 
(Nichols et al. 2006, Lopez and Fennessy  2002, Cohen et al. 2004).  Life-history 
characteristics of herbaceous layer plants across a set of forest land uses, including 
secondary, grazed, urban, managed, and preserved forests were used to develop an 
independent index of disturbance.  The index of disturbance validated the use of mean CC to 
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assess plant community composition and to indicate shifts in plant community composition 
in response to human impacts (Chapter 2).  Thus, mean CC is a simple, reliable metric that 
could be used more widely to identify conservation priorities, monitor impacts of 
disturbance, or measure restoration success of herbaceous layer species in Midwestern forests 
(Spyreas and Matthews 2006, Spyreas et al. 2012).   
Is floristic composition of the herbaceous layer linked to water quality? 
Comparison of preserved forests to those influenced by human disturbances such as 
urbanization and grazing indicated that land use can cause shifts in herbaceous plant 
communities, with fewer forest specialists and greater numbers of generalists associated with 
more intensive land use (Chapter 3). At the same time, disturbed forests had less herbaceous 
plant biomass and higher nutrient loading in streams; the most pronounced differences for 
stream nutrient concentration loads were between preserved and urban forests.  There was a 
negative and seasonally important relationship between plant nitrogen content and stream 
water nitrogen (concentration and delivery) (Chapter 3).   Detailed knowledge about 
relationships between land use, plant community composition, and water quality outcomes 
could be used to target forest restoration efforts in landscapes highly impacted by humans.    
Are there candidate species which will restore function? 
Studies have indicated that not all forest herbaceous species are equal in terms of 
functional capacity for nutrient uptake, biomass accumulation, or phenology of 
photosynthetically-active biomass (Blank et al. 1980, Rothstein and Zak 2001). From a 
functional standpoint, one practical solution to nutrient loss from forested areas could involve 
restoration of selected species that could equal or exceed the nutrient retention capacity 
previously documented for the herbaceous community of intact forests (Mabry et al. 2008).  
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Harvest and biomass/nutrient content analyses for a set of herbaceous species (wild ginger, 
Asarum canadense; Virginia waterleaf, Hydrophyllum virginianum; Virginia bluebells, 
Mertensia virginica; and bristly buttercup, Ranunculus hispidus) demonstrated that these 
plants produce large amounts of biomass and capture greater quantities of nutrients than 
intact forest herbaceous layers, suggesting that they would be strong candidates for 
restoration of both biodiversity and function (Chapter 4). 
What are appropriate sources of herbaceous plants for restoration, and how many are 
needed? 
Land owners and managers interested in restoration using herbaceous species need 
information on appropriate sources for plants and the quantity of propagules needed to 
establish a viable and growing population. Persistence, growth, and reproduction of three 
herbaceous perennials (wild ginger, Asarum canadense; Virginia waterleaf, Hydrophyllum 
virginianum; and James’ sedge, Carex jamesii) were examined in greenhouse and field 
experiments comparing plant material from local populations and commercial nurseries 
(Chapter 5). Differences in growth between local and non-local plants suggested that 
although non-local plants can be planted at low densities in strategic locations to improve 
nutrient capture in remnant forests, locally-sourced plant materials should be used whenever 
available.    
What is an effective structure for outreach that will encourage restoration of system 
function? 
 Forest landowners and forest managers may not have prior knowledge of the role of 
the understory, but their orientation toward conservation could lead to interest in restoration 
of the herbaceous layer remnant forests (Chapter 6, Dutcher et al. 2004). Collaborative 
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learning experiences such as workshops can build support for action as well as help 
participants create networks among others who have similar goals (Selin et al. 2007, Rodela 
2011).  Forest landowners and managers who have greater understanding of forest 
herbaceous plant communities, their ecological role, and the potential for restoration of 
ecosystem function will be better equipped to choose management actions that will increase 
biodiversity, improve habitat quality, and protect surface water quality throughout this 
region. 
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